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From the Pediatric Clinic of Karolinska Institutet at Karolinska sjukhuset, 
Stockholm, Sweden 


The Birth of a Medical School 


by ARVID WALLGREN 


Modern Sweden may be called a prosper- 
ous country, not only economically but 
also as regards the people’s state of health. 
During previous centuries the conditions 
were quite different. Sweden was then very 
poor under the economic stress and strain 
of repeated warfare, the sanitary condi- 
tions were primitive or lacking, and the 
morbidity and mortality rates were very 
high. The very few physicians were mostly 
trained abroad. The medical faculties at 
the Universities of Uppsala and Lund each 
had only two professors, and _ hospitals 
for the practical instruction of medical 
students were few or non-existent. The 
care of war-wounded soldiers and of the 
civilian population was principally en- 
trusted to barber-surgeons (‘‘faltskar’’) 
and quacks. The profession of barber- 
surgeon was a handicraft, usually com- 
bined with haireutting and shaving. Those 
wishing to become barber-surgeons were 
trained by master barber-surgeons, much 
in the same way as the training of tailors, 
the 
hans of master craftsmen. They were 


carpenters and shoemakers was in 
forl Iden to treat anything but common 
ext nal disorders, fractures and wounds; 
the ‘reatment of epidemic and internal 
dis’ ses was the sole privilege of properly 
trai ed physicians. 


A Collegium medicum was formed in 
1663 of the four practising physicians in 
Stockholm for the purpose of supervising 
the barber-surgeons, pharmacists and mid- 
wives, as well as examining the profes- 
sional qualifications of physicians wishing 
to practise in Stockholm. This Collegium 
was the forerunner of the State Board of 
Health. In 1688 it was charged with the 
duty of examining all physicians edu- 
cated in Sweden or abroad who wanted to 
obtain posts as provincial or city physi- 
cians. A Surgical Society was in turn or- 
ganized by the eighteen master barber- 
surgeons in Stockholm; it examined can- 
didates wishing to become barber-sur- 
geons. 

At the end of the seventeenth and the 
beginning of the eighteenth century de- 
monstrations in anatomy were given by 
members of the Collegium medicum for 
barber-surgeons and physicians. For some 
years members of the Surgical Society 
competed by giving lectures in anatomy 
and surgery to barber-surgeon apprentices. 
In 1756 a professor of anatomy and 
surgery was appointed by the government 
to the Collegium medicum and entrusted 
with the duty of teaching these two sub- 
jects to the barber-surgeon apprentices. 
However, the pupils also included many 


| 
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physicians and medical students from 
Uppsala who were obliged to serve from 
six to twelve months at Serafimerlasa- 
rettet in Stockholm before they could 
qualify for official positions as physicians. 
Serafimerlasarettet was an independent 
hospital, inaugurated in 1752. Lectures 
and demonstrations were given by the 
head surgeon and the head physician of 
the hospital. 

Serafimerlasarettet had a few beds for 
obstetrical cases for teaching purposes. A 
separate lying-in hospital was built twenty 
years later in Stockholm (Allmanna Barn- 
bérdshuset). A professor of obstetrics was 
appointed in 1761 and he taught the dis- 
cipline to midwives as well as to physicians 
and barber-surgeons. 

A professorial chair of biology and 
pharmacy was created in 1761 for the 
instruction of pharmacists. This profes- 
sorship was changed, in 1790, to one of 
medicine and pharmacy. Lectures were 
given to barber-surgeons and physicians 
in epidemic diseases and disorders preva- 
lent in the army and the navy, besides the 
instruction of pharmacy pupils. 

The three professors in anatomy and 
surgery, obstetrics, and medicine and 
pharmacy were in the service of the Col- 
legium medicum, which in 1797 assumed 
all the responsibility for the entire medical 
profession in Sweden, including supervi- 
sion of the barber-surgeons. The Surgical 
Society was then discontinued. At the 
turn of the eighteenth century the three 
professors organized a School of Surgery. 
Sweden was now at war and the sanitary 
conditions in the armed forces deteriorated 
as before and the troops sustained heavy 
losses from diseases and neglected wounds. 
The need became urgent for increased 


numbers of trained physicians and bar oer- 
surgeons. 

At last the parliament decided in ! 310 
to create a “Medico-Surgical Institute "in 
Stockholm, for the training of bar)er- 
surgeons, and of army and navy phvsi- 
cians. A military hospital was to be |uilt 
in order to facilitate the training. The 
nucleus of the Institute was formed of the 
three independent professors of the Col- 
legium medicum and two new professors 
of theoretical and of practical medicine 
for the training of barber-surgeons, mid- 
wives and pharmacists. Together they 
constituted the whole faculty of the 
Institute. 

The training of barber-surgeons as a 
craft was now replaced by the theoretical 
and scientific teaching and practical and 
clinical hospital training of surgeons. 
However, a strict separation was kept be- 
tween medicine and surgery as teaching 
subjects: medicine was taught at the Uni- 
at the Medico- 
Surgical Institute. The teaching was con- 


versities, and surgery 
ducted by the head surgeon at the military 
hospital which was inaugurated in IS11 
with 200 beds. In addition the teaching 
proceeded as before at Serafimerlasarettet, 
which at this time had 100 beds. 

The responsibility of the Institute as a 
medical school was broadened in 1821: to 
prepare physicians for official civilian as 
well as military positions by giving ‘he 
principally theoretically educated, wni- 
Med. the required practical 
medicine and surgery. ‘he 


versity Dr. 
training in 
teaching at the military hospital was « is- 
continued but went on at Serafimerle :a- 
rettet. This hospital was kept as an in le- 
pendent hospital until 1833 when it > as 
incorporated with the Institute as its « wn 
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teaching hospital. The head of the medical 


department became professor of internal 
medicine, and the head of the surgical de- 
partment came to be professor of surgery 
at the Institute. 

The Medico-Surgical Institute was in 
1816 called Karolinska Institutet in honor 
of Charles XIII. At this time six professors 
were engaged there, in anatomy, biology, 
chemistry, theoretical and practical medi- 
cine, including physiology and pathology, 
obstetrics, and theoretical and practical 
surzery, including special pathology. 

At first the 
after having passed an oral examination 


students were admitted 
con:tucted by professors of the Institute. 
In '822 the Institute required that the 
stucents should have passed the same pre- 
par. tory medico-philosophical examina- 
tio. (zoology, botany, physics and che- 
mis ry) as the students at the Uppsala and 
Iu | Universities, and thus be evenly 
ma hed with the medical students study- 


Fig. 1. The new Campus of Karolinska Institu- 
tet. Above: The teaching hospitals (Karolinska 


sjukhuset; encircled building=The Pediatric 
Clinic). Below: part of the theoretical institu- 
tions. 


ing at the medical faculties of these two 
universities. Students have always been 
accepted in limited numbers. One hundred 
students have been admitted annually 
after the doubling of the chairs of the clini- 
cal subjects at that time considered most 
important, namely medicine, surgery, ob- 
stetrics and pediatrics. 

Those who had passed the master of 
surgery examination at Karolinska Insti- 
tutet could practise medicine, but were 
not qualified to obtain official appoint- 
ments as physicians. This was the prerog- 
ative of the Dr. Med. of the universities 
after having passed the master of surgery 
examination at the Institute. 

This restriction of the Institute’s as well 
as of the universities’ task of producing 
qualified physicians was considered derog- 
atory from their independence as medical 
teaching centers, and gave rise to heated 
discussions and decade-long conflicts. The 


Institute was as anxious to become a com- 
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plete and independent medical school, as 
the universities were anxious to keep the 
Institute at its then low level or to abolish 
it altogether. The principal spokesman for 
the Institute 
Professor J. Berzelius, while the universi- 


was the famous chemist, 
ties had an eloquent advocate in Professor 
I. Hwasser. 

In the meantime “the professors of 
Karolinska Institutet have quietly and 
purposefully built the proud edifice, brick 
by brick, and founded it on scientific 
research into a modern medical school” 
(Lennmalm). The number of teachers in- 
creased gradually with the expansion of 
(1841), 
pediatrics (1845), pathological anatomy 
(1853), (1856), 
(1861), physiology (1873), neurology (1887), 
opthalmology (1891), 
(1901) and roentgenology (1908). 

Despite the opposition to the Institute 


its curriculum: state medicine 


syphilology psychiatry 


oto-laryngology 


by the universities, which abated slowly 
during the last half of the nineteenth 
century, the Institute assumed increased 
responsibility for the education of physi- 
cians. The government decided in 1853 
that all Swedish medical students should 
be obliged to serve for at least one year at 
Serafimerlasarettet and at the Lying-in 
Hospital in Stockholm before they were 
admitted to take their state medical exam- 
ination (licentiate of medicine). In 1861 
the Institute was granted the same right 
as the universities to teach and examine 
the students for the licentiate of medicine 
examination. The first degree of the med- 
ical examination (candidate of medicine) 
remained exclusively in the hands of the 
universities until 1873, when the Institute 
obtained equal rights with the universities 


as regards examinations. A certain portion 
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of the teaching remained for many dec: des 
the prerogative of the universities ind 
another portion that of the Institute. (he 
students who had passed their licent ate 
of medicine examination could pre) are 
and defend their doctoral thesis at the 
Institute, but it was not before in [906 
that the Institute was granted the right 
to confer the Dr. Med. degree. 

During the past fifty years the evolution 
of Karolinska Institutet has been very 
rapid with regard to the number of 
teachers, laboratories and clinics. It has 
developed into Sweden’s most prominent 
teaching and research center in medicine. 
Since 1901 the Institute has been entrusted 


with the honourable but difficult task of | 


conferring annually the Nobel Prize in 
Physiology and Medicine. This involves 
great responsibility and implies the duty 
to follow carefully the progress of current 
medical research in the whole world. 
Twenty years ago the theoretical institu- 
tions of the Instistute moved from their 
old-fashioned premises into modern build- 
ings on the new campus in a subur! of 
Stockholm. A little later the construction 
of a teaching hospital, Karolinska Sjuk- 
huset, started with the inauguration of 
new medical, surgical, obstetrical, oto- 
laryngological and opthalmologic clinics. 
and radiodiagnostic and radiotherape tic 
departments. The dermato-venereolc zic. 
pediatric, rheumatologic and_ thoracic 
(including thoracic surgery) clinics \ ere 
opened in the 1950s, and during the 1! (is 
an alcoholics clinic and _ neurolog 
neurosurgical and orthopedic departm: nts 
will be built. Serafimerlasarettet is _ till 
functioning, with medical, surgical ind 
radiodiagnostic departments, and ith 
the neurological and neurosurgical cl! ics 
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whicn will be moved to Karolinska Sjuk- 
huset. The other clinics of Serafimerlasa- 
rettet, together with the pediatric clinic 
at the Crown Princess Lovisa Hospital 
will be replaced by new departments at the 
Sabbatsberg Hospital, where already one 
of the two obstetrical and one of the two 
pathological departments are housed. In 
all Karolinska Institutet will have about 
25 theoretical institutions and more than 
30 clinics. At present 87 academic teachers 
are on the Institute’s permanent staff, in 
addition to about 250 appointed honorary 
assistant professors (docents). 

The library of the Institute has the 
medical books in 


largest collection of 
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Sweden and functions as a central library 
for the whole country. It contains about 
235,000 volumes and the number of cur- 
rent medical journals is about 1300. 

This brief account of the first 150 years 
of the evolution of Karolinska Institutet 
may be closed with a sentence from Pro- 
fessor F. Lennmalm’s history of the 
Institute written for its centenary in 1910: 

“It is our hope that future staff of 
Karolinska Institutet will be worthy of 
their predecessors in carrying out their 
duties, which their position imposes on 
them, for their country, medical science 
and mankind.” 
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From the Pediatric Clinic of Karolinska Institutet at Karolinska sjukhuset, | 
Stockholm, Sweden 


The Pediatrie Clinies and the Pediatric Teaching at 
Karolinska Institutet 


by ARVID WALLGREN 


In Sweden, as elsewhere, the teaching of 
pediatrics in former days belonged to the 
duties of the professor of internal medicine. 
The extent to which the physiology and 
pathology of childhood was taught to the 
students depended on the intern’s interest 
in these subjects. In the middle of the 18th 
century pediatrics in Sweden lived through 
a golden age, thanks to the famous Dr. 
Nils Rosén von Rosenstein, who was pro- 
fessor of medicine at the University of 
Uppsala. His special interest was childhood 
and his lectures were published in the 
popular almanac which appeared annually. 
It was distributed everywhere in the 
country and was studied by all who had 
learned to read. In 1793 the lectures were 
collected and published in a book called 
“Information on Children’s Diseases and 
their Treatment’. It appeared in many 
editions and was used for years as a text- 
book by students, not only in Sweden but 
(translated into 7 foreign languages) in 
several other countries in Europe. 

Pediatric teaching at this time, if it was 
given at all, dealt with morbid conditions 
in childhood, illustrated by reports of 
tvpical cases from the professor’s own pri- 


vate practice. In Sweden there were no 


hospital beds for sick children nor were 


there any pediatric out-patient depart- 
ments. The only type of institution that 
existed for children was a kind of asylum 
in which orphans were admitted. These 
asylums, of which the largest was the 
State General Orphanage (Allmanna Barn- 


huset) in Stockholm, were not used for 
medical teaching purposes at this time. 
After the retirement of Dr. Rosén from 
the chair of medicine at Uppsala Univer- 
sity, there is very little information alout 
pediatric teaching, and the interest of the 


professors of internal medicine in this part 
of their duties was probably rather half- 
hearted. This applies to the Universities 
of Uppsala and Lund, the only medical 


schools in Sweden until 1810, when Karo- 
linska Institutet in Stockholm was foun- 
ded. That there really existed an under- 
standing of the importance of teaching 


child health and child care to future physi- 
cians is shown by one of the regulations 
of the Institute in 1822. This stated ‘hat 
students of medicine had to attend ward 
rounds and assist in giving smallpox ° ac- 
cinations at the State General Orphar age 
for two months before they could }.ass 


their master of surgery examination. An 


active physician at the Orphanage ° ho 


was interested in teaching would have an | 
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PEDIATRIC TEACHING AT KAROLINSKA INSTITUTET 


excelent opportunity to give the students 
a quite substantial amount of pediatric 
knowledge and training. Unfortunately 
this did not happen, which is understand- 
able, as the position of orphanage physi- 
cian was very much a spare-time job with 
a meagre salary and very limited author- 
ity. The two months’ training at the 
State Orphanage merely consisted of 
assisting with the smallpox vaccinations. 

In 1838 far-seeing members of the Board 
of the State Orphanage and of the Faculty 
of Karolinska Institutet who clearly un- 
derstood the need for pediatric training of 
future physicians put in a plea for such a 
program to the government. This appeal 
did not meet with any success, and sub- 
sequent proposals of the same kind made 
by the Faculty during the next few years 
suffered the same fate. In 1842 this plea 
again was raised, supported by very strong 
arguments in its favour. The Faculty this 
time recommended the appointment of a 
professor to teach clinical pediatrics at the 
State Orphanage. At last the government 
approved and after prolonged discussions, 
the parliament of 1844 granted the ne- 
cessary funds for a professor of pediatrics 
and for the establishment of pediatric 
teaching at the State Orphanage. 

The acting physician of the State 
Orphanage was scarcely qualified for the 
post of professor of pediatrics. In Stock- 
holm. however, there was a physician, 
Fredrik Theodor Berg, who by accident 
had come to be interested in pediatrics. 
In 1338 he had been asked by a member 
of te Board of the State Orphanage to 
critically a draft for the construc- 
tion of a hospital for sick children at the 
Sta Orphanage. Later, in 1839, when he 
ma» a study tour abroad, he was com- 


stu 
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missioned by the Board of the Orphanage 
to concentrate his attention on children’s 
hospitals and the methods of child care in 
the foreign countries he visited. A couple 
of months after he left Sweden, the Board 
appointed him “‘clinical physician”’ at the 
State Orphanage with the special duty of 
teaching medical students. After his return 
in 1841, Dr. Berg took up his new post as 
“clinical physician’. He was impressed by 
his recent experiences in modern institu- 
tions for children on the continent, and 
was struck by the unsatisfactory sanitary 
and organisational conditions at the State 
Orphanage. He declared that it was im- 
possible to teach until comprehensive re- 
organisation of the Orphanage had been 
accomplished. This criticism gave rise to 
severe conflicts between Dr. Berg and the 
Board, a controversy that lasted for sev- 
eral years. A thorough re-organisation 
was not made until 1851. 

In 1845 Berg was appointed professor of 
pediatrics at Karolinska Institutet by the 
government, and the State Orphanage 
thus became the first pediatric clinic in 
Sweden. Dr. Berg did not lack clinical 
material for his teaching. The Orphanage 
had beds for 100 older children and a still 
greater number of beds for infants, many 
of them sick. In the children’s hospitals of 
other European nations, teaching in pediat- 
rics had been given to medical students, 
but this teaching was voluntary and was 
not followed by any examination. At the 
Institute this subject was, from the be- 
ginning, separated from internal medicine, 
and it had its own representative on the 
Faculty. Instruction as well as examina- 
tion in pediatrics became compulsory for 
future physicians. 

In his formal teaching, Berg gave twice 
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Fig. 1. 


weekly systematic lectures on health and 
disease in childhood. In addition, every 
weekday the students received practical 
training in the diagnosis and treatment of 
common diseases of infants and nursing 
mothers. With regard to older children, 
Berg had to content himself with theoreti- 
cal teaching on account of poor facilities 
and lack of assistance. He had only one 
assistant who was appointed by the 
Institute. The former physician at the 
Board, 


nothing to do with teaching and soon re- 


Orphanage, chosen by its had 


tired. Instruction in pediatrics, which 
started on May 2, 1845, was conducted in 
the form of a four months’ course and was 
repeated twice annually. The number of 


students was restricted to 25 each term. 


The Crown Princess Lovisa’s Children’s Hospital (Kronprinsessan Lovisas Barnsjukhus). 


Dr. Berg’s unpleasant controversy with 
the Board of the State Orphanage regard- 
ing the necessary re-organization of the | 
Orphanage continued and at last caused 
Berg to resign in 1846, from his post as | 
head physician of the Orphanage. Three 
years later the Board granted Dr. Ierg 
leave of absence from this post and ap- | 
pointed his assistant, Dr. Hjalmar Abclin. | 
as his deputy. Dr. Abelin became perma- 
nent head physician in 1851, when Berg's 
resignation was at last accepted. Borg. 
however, continued his teaching at the 
Orphanage as professor of pediatric: at 
Karolinska Institutet until he took I: ive 
of absence to become deputy Counc ‘lor 
at the State Board of Health in 1 54. } 
After Dr. Berg’s resignation in 1858 Ur. | 
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Abelin became professor of pediatrics. In 
the ineantime Berg, in 1851, had estab- 
lished an out-patient department for sick 
children at the State Orphanage, an event 
which was of great importance and value 
for the teaching of pediatrics. 

Gradually it became evident that the 
teaching duties could not be handled by 
the professor alone and a lecturer in 
pediatrics, Dr. Adolf Kjellberg, was there- 
fore appointed in 1861. Eighteen years 
later. in 1879, this lectureship was trans- 
formed into the post of associate professor 
of pediatrics at Karolinska Institutet. In 
the beginning, Dr. Kjellberg’s teaching 
was in connection with post-mortem ex- 
aminations, but after a few years the re- 
sponsibility of instruction was evenly di- 
vided between the two professors. 

The same year that Dr. Kjellberg be- 
came lecturer in pediatrics, he was ap- 
pointed head physician of the Crown Prin- 
cess Lovisa Children’s Hospital. This hos- 
pital was founded in 1854 on private ini- 
tiative and was operated by private means. 
It was the first hospital for sick children 
in Sweden. Instrumental in its foundation 
were members of the Faculty of Karo- 
linska Institutet, especially the professor 
of internal medicine, Magnus Huss. The 
hospital could admit 40 sick children aged 
2-8 years, but was later enlarged to con- 
tain 60 beds. After the 
Abe!in in 1882, Kjellberg became professor 
of pediatrics and head of the State Or- 
phanage, but also remained head physi- 


retirement of 


cial of the Lovisa Hospital. On his own 
init itive he started voluntary teaching 
in }) diatrics one hour twice weekly at the 
Lo\ sa Hospital for medical students fol- 
low .g the curriculum at the State Orpha- 
nay . A few years later, a formal agreement 
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between the Institute and the Board of the 
Lovisa Hospital was made, by which the 
latter hospital became an independent 
clinic for pediatric teaching with the asso- 
ciate professor as head of the hospital. 
From then on, the medical students were 
divided into two equal groups, one of 
which was assigned to the professor at the 
State Orphanage and the other to the 
professor at the Lovisa Hospital. Kjell- 
berg now retired as head physician of the 
Lovisa Hospital and kept only his post as 
head of the State Orphanage. Dr. Oscar 
Medin 
professor and head of the Lovisa Hospital. 
When Kjellberg died in 1884, Medin suc- 
ceeded him as professor and head of the 
State Orphanage. Dr. Jonas Waern was 
then appointed associate professor and 
head of the Lovisa Hospital. In 1909, the 
associate professorship was transformed 


became his sucessor as associate 


into a second full professorial chair of 
pediatrics. 

By and by the two pediatric clinics with 
their out-patient departments became too 
small to meet the needs of sick children 
and to fulfil their mission as pediatric 
teaching and training units. A new build- 
ing with 138 beds, including a separate 
surgical department with its own head, 
was constructed in 1899 for the Crown 
Princess Lovisa Children’s Hospital, at the 
present site of the hospital on Polhems- 
gatan. During the terms of Adolf Lichten- 
stein (1931-1949) and Curt Gyllensward 
(1950-) as professors of pediatrics at the 
Lovisa Hospital, this hospital has under- 
gone several reconstructions and exten- 
sions, and the number of beds, including 
surgical wards at the Sachs Children’s 
Hospital, has gradually been increased to 
180. In 1950, the facilities of the surgical 


|_| 

| 

} 

\ 

ap- | 
lin, 

na- | 
Tg, 

the 
at 
ive 

lor 

4. } 

Dr. | 

| 


Fig. 2. 


ARVID WALLGREN 


The State Orphanage (Allmaéinna Barnhuset) inaugurated in 1885. The small separate 


building in the background is the hospital of the Orphanage. In 1931 the Orphanage was sold to 
the City of Stockholm and transformed into Norrtull’s Hospital. 


department of the hospital were included 
in the teaching of students and in 1953, a 
department of child psychiatry was estab- 
lished with a head physician. Five years 
later this post was transformed into a 
chair of child psychiatry at Karolinska 
Institutet. In 1948 it 
principle, that the Lovisa Clinic should 


was decided, in 
move to the Sabbatsberg General Hospi- 
tal. After prolonged negotiations, this pro- 
ject took definite form and one can now 
look forward to the construction of a new 
clinic at Sabbatsberg Hospital within the 
next few years. This clinic will be provided 


with the same in- and out-patient depart- 


ments, laboratories and equipment as the 
new clinic at the Karolinska Hospital 
(Karolinska Sjukhuset) (see below). 

In 1885, while Medin was professor of 
pediatrics and head of the State General 
Orphanage, this institution was moved 
to new premises at Norrtullsgatan. ‘Whe 
new Orphahage included a hospital bu !d- 
ing for the Orphanage’s own sick child: en. 
Medin retired in 1912 and was succee ed 
by Dr. Isak Jundell. During his ter: a 
very important change occurred with re- 
gard to the organization of the Orphan: ze. 
In 1917, Sweden enacted new legisla’ on 
concerning illegitimate children, which le- 
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prived orphanages of some of their original 
responsibilities for the care and education 
of destitute children. A re-orientation of 
their field of action had to be made and 
the orphans were to be placed elsewhere. 
In order to guarantee the training and 
teaching of medical students, the Faculty 
of Karolinska Institutet requested permis- 
sion to admit up to 45 sick children from 
outside. In 1929, this was granted and 
after a while the number of beds was in- 
creased to 60 and finally to 75. 

3v the new law on the social welfare of 
children passed in 1924, it was strictly 
prohibited to admit healthy children into 
institutions for long-term collective care; 
these children were to be placed in private 
families as foster-children. Thus the State 
Orphanage lost its raison d’étre, its policy 
had to be changed, and a re-organization 
became urgent. The buildings of the Or- 
phanage was sold to the City of Stockholm 
in 1931 and the premises were partly 
transformed into a children’s municipal 
hospital called the Norrtull Hospital with 
75 beds. According to a agreement with 
the City of Stockholm, Norrtull Children’s 
Hospital remained a teaching pediatric 
clinic with one of the professors of pe- 
diatrics at Karolinska Institutet as head 
physician, until a projected new children’s 
department at Karolinska Sjukhuset was 
ready. This was calculated to take 10 years 
or until 1941. As a matter of fact, it was 
not until another 10 years had elapsed 
that the pediatric clinic was moved from 
Norv‘ull Hospital to its new premises 
at vrolinska Sjukhuset. 

rvolinska Sjukhuset 
planed to contain all the double clinics 0: 
Kar linska Institutet (there were two med- 


was originally 


ical surgical, obstetric and pediatric clin- 
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ics). The Royal Committee in charge of 
the planning and organization of Karo- 
linska Sjukhuset expressed doubts about 
the advisability of building two separate 
pediatric clinics with out-patient depart- 
ments within the same area. They main- 
tained that the patient material would be 
insufficient and that the training at the 
out-patient departments would suffer. 
Fortunately, due regard was paid to these 
misgivings when the definitive plan of 
Karolinska Sjukhuset was drawn up. The 
Royal Committee suggested that one 
pediatric department with 96 beds should 
be built in the first stage of construction 
of Karolinska Sjukhuset. When the ques- 
tion was discussed in the parliament of 
1930, the government held, however, that 
because of the planned re-organization of 
the State Orphanage, the resolution for 
the construction of a pediatric department 
could not be passed at that time. In addi- 
tion, it had been questioned whether two 
separate clinics and two professors of 
pediatrics were needed at Karolinska In- 
stitutet. The parliament therefore con- 
cluded that the decision regarding a pediat- 
ric department at Karolinska Sjukhuset 
should to be postponed. 

As already mentioned, the re-organiza- 
tion of the State Orphanage was accom- 
plished in 1930, and the question regarding 
the number of professors of pediatrics at 
the Institute was solved by the parliament 
in 1932. It was considered indispensable 
to retain two professors of pediatrics and 
two separate pediatric clinics. 

Jundell retired in 1932 and was suc- 
ceeded by Dr. Wilhelm Wernstedt, who 
had gone to Norrtull Hospital from the 
Lovisa Hospital, after having been ap- 
pointed professor and head of the latter 
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hospital in 1921. The planning Committee 
of Karolinska Sjukhuset was instructed by 
the government in 1935 to produce a draft 
plan and an estimate of the construction 
cost for a pediatric department at the 
Hospital. This commission, however, was 
not carried out because the problem of the 
two chairs of pediatrics arose again in 
connection with the retirement of Wern- 
stedt in 1937. In addition, no definite 
agreement had been reached regarding 
which of the two existing teaching hospi- 
tals for children, Norrtull or Lovisa, should 
be replaced by the planned department at 
Karolinska Sjukhuset. At last, in 1939, a 
new Royal Committee was formed with 
instructions to negotiate with the Boards 
of the two hospitals and to produce a 
draft decision about the future of the two 
pediatric clinics. In 1940, this Committee 
reached agreement in principle and gave 
a rough outline of a children’s department 
at Karolinska Sjukhuset to replace the 
clinic at Norrtull Hospital. The Committee 
considered replacement of the Lovisa Hos- 
pital less urgent because funds had been 
set aside by the City of Stockholm for 
modernizing this hospital, which would 
make it suitable for use as a pediatric 
clinic for at least another 10 years. The 
Committee emphasized that, with regard 
to medical teaching, the most pressing of 
the hospital problems in Stockholm was 
that of the Norrtull Hospital. The City 
intended to close this hospital and there- 
fore did not want to finance any improve- 
ments on the premises and the equipment. 
The draft plan of the new clinic at Karo- 
linska Sjukhuset proposed 219 beds, of 
which 60 would be in the surgical and 20 
in the psychiatric department. After the 
project to abolish one of the professorial 
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chairs of pediatrics had again been re. 
jected by parliament in 1942, the gov. rn- 
ment charged the Planning Committe: of 
Karolinska Sjukhuset to prepare defi ite 
plans and an estimate of costs accor: ing 
to the drafted plan. 

The carrying out of the project was 
delayed, however, while the need for pe- 
diatric hospital beds rapidly increased, 
owing to the high birth rate of the early 
1940s. Therefore on the proposal of Dr. 
Arvid Wallgren, who had been appointed 
professor of pediatrics at Karolinska 
Institutet in 1942, the Board of the City 
Hospitals decided to make a large-scale 
but provisional reconstruction of Norrtull 
Hospital. When this was completed in 
1945, the number of beds rose to 150 and 
the hospital was provided with a depart- 
ment of child psychiatry. Norrtull Hospi- 


tal now became much better qualified to | 


serve as a pediatric teaching unit. 

The definitive construction plan of the 
new clinic at Karolinska Sjukhuset was 
drawn up by the architect Sven Ahlbom, 
according to an outline made by Professor 
Lichtenstein of the Lovisa Clinic. In 1945 
it was presented to the government by the 
Planning Committee. The program was ac- 
cepted, and in 1946 the parliament allo- 
cated funds to carry out the project. In 
1951, the department of pediatrics at 
Karolinska Sjukhuset was ready for «se. 

The department consists of a separate 
unit divided into three parts. The n ain 
ten-storey building is situated in the 
middle of the unit in an east-west di vec- 
ne 
the 
ind 


research laboratories and a roentgen © ag- 


tion, and contains principally wards. 
three-storey wing to the south houses 
out-patient departments, the ordinary 


nostic department. The three-storey n. rth 
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he 


Fig. 3. The Pediatric Clinic at Karolinska Sjukhuset. 


wing contains a lecture theatre and other 
lecture rooms, a library, rooms for the 
heads of the clinic, residents and students, 
as well as a whole floor for surgery. The 
clinic has 212 beds for newborn babies and 
children up to 17 years of age. The depart- 
ment of child psychiatry with 13 beds is 
on the bottom floor of the main building 
and on the 2nd floor there are wards for 
infectious diseases with 21 beds. The 3rd 
and ‘th floors constitute the department 
of surgery with 55 beds. The department 
of m dicine has 26 beds for small children 


(5th loor), 26 beds for older boys (6th 


floor 26 beds for older girls (7th floor) 
and 7 beds for infants including prema- 
ture abies (9th floor). The 8th floor con- 


tains 19 mixed medical and surgical beds 
for private patients. On the 10th floor 
there are rooms for nursing mothers and 
the hospital kitchen. 

The lecture theatre has 67 seats and 
may be enlarged to 100 seats by opening 
folding doors to a conference room located 
behind it. The lecture room is used for 
teaching student nurses. The clinic consti- 
tutes the only school for pediatric nursing 
in Sweden. 

The department of pediatrics is a rela- 
tively independent unit with its own surgi- 
cal, psychiatric and radiodiagnostic de- 
partments, with biochemical, hematologi- 
cal, cardiovascular, physiological, meta- 
bolic, neurological and allergological diag- 
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nostic and research laboratories. Only 
when bacteriological examinations and 
more complicated biochemical analyses 
are required does the clinic have to rely 
upon the central laboratories of Karo- 
linska Sjukhuset. 

There are special out-patient depart- 
ments for surgery, diabetes, cerebral palsy, 
epilepsy, allergic and cardiovascular dis- 
eases. The out-patient department has a 
special research unit for the study of the 
longitudinal growth and development of 
healthy children, sponsored by the Inter- 
national Children’s Center in Paris. 

When compulsory teaching and training 
in pediatrics for medical students of Karo- 
linska Institutet started in 1845, the teach- 
ing, as already mentioned, was given in 
the form of a 4-month course with 2 hours 
of lectures twice weekly. The course was 
repeated twice annually and only 25 stu- 
dents were accepted at the same time. In 
1908, a new medical curriculum and train- 
ing program was introduced in Sweden. 
The length of the pediatric course was 
reduced to 3 months, with 2 hours’ teach- 
ing in the lecture room and the out- 
patient department and ward rounds 4 
times a week. In addition to the 3-month 
student 
State 


clerical 


Swedish medical 
clerk at the 
unfortunately this 


training stopped after a few years. 


course, 
had to 
Orphanage; 


every 


serve aS a 


As regards teaching in child psychiatry, 
it may be mentioned that Jundell had 
made a plan for a child guidance clinic 
attached to the Norrtull Hospital. This 
project was carried out by Wernstedt, and 
a child psychologist was put in charge of 
the teaching. In this way, the first instruc- 
tion in child psychology and psychiatry 


began at Karolinska Institutet. When 
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Norrtull Hospital was reconstructec in 
1945, the Board of the City Hospitals ap. 
pointed a child psychiatrist to be in ch: rge 
vith 
mental disturbances. More regular lec. 


of a newly formed ward for children 


tures and demonstrations in child psychi- 
atry were now given. Four years lzter, 
teaching in child psychology and psychi- 
atry became compulsory at Karolinska 
Institutet. In the new children’s depart- 
ment at Karolinska Sjukhuset, the head 
of the department of child psychiatry is 
charged with a considerable part of the 
pediatric curriculum and training. It is 
regrettable that so far there is no provision 
for an out-patient department for children 
with psychic disturbances. As already 
stated, the Lovisa Hospital was provided 
with a department of child psychiatry in 
1953, and in 1958 the head of the depart- 
ment was appointed professor of child 
psychiatry. 

There was no teaching in pediatric sur- 
gery until the middle of the 1940s, when a 
few lectures and demonstrations were 
given by the head of the surgical depart- 
ment of the Lovisa Hospital. In 1949, this 
teaching became compulsory and, at pre- 
sent, the heads of the surgical depart- 
ments of the two pediatric clinics are 
responsible for the teaching and training 
of students in the common surgical dis- 
eases of childhood. 

In 1948, each of the two pediatric clinics 
obtained a lecturer in pediatrics to ‘ake 
over some of the professor’s teac/iing 
responsibilities. Gradually, new ideas re- 
garding the teaching of pediatrics for fu- 
ture physicians made the introductio 1 of 
new methods necessary. The formal lec: 
tures were cut down and emphasis was 
placed on instruction at the bed- ide, 
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clerical training, group teaching, seminars 
and conferences. 

This tendency has continued after the 
introduction of the new study reform in 
1959. At this period, Dr. John Lind was 
professor of pediatrics at the Pediatric 
Clinic of 


heen appointed in 1956 when Wallgren 


Karolinska Sjukhuset, having 
retired. By this study reform, the course 
in pediatrics was again enlarged to 4 
months with the same amount of weekly 
teaching, out-patient department instruc- 
tion and clerical training. Until then the 
number of students had been limited to 
25, but with the new reform 30 students 
Another 


diatrics at each of the two pediatric clinics 


were admitted. lecturer in pe- 


was appointed. During the course, the 
students received lectures and demonstra- 
tions in social (preventive) pediatrics by 
the lecturer of social medicine. 

In 1960, an associate professor of child 
pathology, who takes part in the teaching 
of the students, was appointed at Karo- 
linska Institutet. Since 1908, every stu- 
dent has had to assist in ward rounds and 
attend demonstrations and lectures at the 
Hospital for Infectious Diseases for 1 
month. During the last 10 years, the care 
of newborn infants at the lying-in-hospi- 
tals has been the responsibility of pediatri- 
cians and has been included in the teaching 


of pediatrics. 
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Kffect of Posture and Insulin Hypoglycemia on Catecholamine 


Exeretion in the Newborn! 


by ROBERT E. GREENBERG?, JOHN LIND and U.S. v. EULER 


Release of catecholamines from their 
sites of production can result from a 
variety of stimuli. With the increasing 
the 


physiological actions of noradrenaline and 


recognition of differences between 
adrenaline, it is of interest that different 
forms of stimuli have been found to cause 
release of noradrenaline and adrenaline in 
varying proportions. Thus, adrenaline is 
selectively excreted in the urine in in- 
creased amounts following insulin (10), 
whereas carotid occlusion produces mainly 
the 
renal venous blood of cats (15). When 


noradrenaline release into supra- 
adults are placed in an upright position, 
an increased urinary excretion of both 
amines occurs, as reported by Euler, Luft 
& Sundin (11); this increase in release of 
predominantly noradrenaline is induced by 
the orthostatic fall of the blood pressure, 
acting over the baroreceptor homeostatic 
reflex mechanisms of the carotid sinus 
and aorta. The increase in noradrenaline 
excretion during erect posture appears, 
then, to provide a means of evaluating 

1 Aided by grants from the Association for 
the Aid of Crippled Children, New York. 

2 Fellow of the National Foundation. Present 
address: Department of Pediatrics, Stanford 
University School of Medicine, Palo Alto, Cali- 
fornia. 


the degree of orthostatic stress imposed 
on the organism. 

In view of the importance of catechola- 
mine release in maintaining homeostasis 
in response to a variety of stressful stim- 
considered of interest to 


uli, it was 


evaluate the response of newborns both to 
change in body posture and to insulin 
hypoglycemia, using urinary catechola- 
mine excretion as evidence of increased 
or decreased production. 


Methods 


Urine was collected by strapping a 5? cc 
Srlenmeyer flask, curved at an angle of 90° 
at the top, to normal newborn males of 
varying ages. When evaluating the effect 
of change in posture on catecholamine excre- 
tion, a timed control collection was made 
after discarding the first observed voiding; 
as soon as the control urine was collected, 
the baby was strapped firmly to a board and 
placed in a vertical posture, which was main- 
tained until the next timed collection was 
completed. When studying the effec of 
insulin, the babies were maintained in @ re- 
cumbent posture throughout; insulin | Vi- 
trum) was administered intramuscular] 
mediately after the control urine was  ol- 
lected. No attempt was made to fast ba ies, 
except from the start of the control co ‘ec- 
tion period. Glucose water was administ red 


orally at the conclusion of the post-ins ilin 
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TABLE 1. The effect of insulin on catecholamine excretion, (1 ng 


781 


0.001 ug). 


Pre-insulin Post-insulin 


Blood sugar Norad- Ad- Norad- Ad- 
(mg %) Vol- Vol- 
Age Weight Insulin Fast- 30 60 90 ume Time < ' ume Time 

(days) (kg) (units) ing min min min (ec) (min) (ng/kg/min) (cc) (min) (ng/kg/min) 
2 1.2 77 67 36 = 29 3 175 .048 34 330 ol 61 
3 4.53 15 88 66 64 51 9 270 16 078 38 130 25 1.2 
4 3.47 1.1 73 67 53 46 20 130 .o2 -026 28 100 0 .64 
4 3.95 Ne 57 46 29 31 20 85 .28 069 12 100 A3 21 
3.05 0.9 92 66 57 66 | -267 13 105 O78 91 
7 3.87 1.2 77 #67 #55) 61 9 75 21 .069 22 165 .20 .38 
7 4.08 1.2 73. 56 35 38 22 105 .14 .046 37 90 15 .63 
Mean: .086 .23 .66 

S.D.: + .089 +.081 

P Noradrenaline = >.7; P Adrenaline= <.01. 


collection. No untoward reactions to insulin 
were encountered in the doses used. All urine 
samples were acidified with 2-3 drops of 
6 N HCl, frozen and analyzed usually within 
24 hours. 

Urinary catecholamines were determined 
according to the method of Euler & Lishajko 
(9). This method is based on the adsorption 
of catecholamines on an aluminum 
column at pH 8.4 and elution with 0.25 N 
acetic acid. The eluate is neutralized to pH 
6.3 with 2.N ammonia; the catecholamines 
are then oxidized with potassium ferricya- 
nide and stabilized lutines are formed by the 
alkali The 
fluorescence is read with two filter sets in a 
Coleman photofluorometer, Model 12C, 


oxide 


addition of and ascorbic acid. 
and 
the amounts of noradrenaline and adrenaline 
computed. The small quantity of catechola- 
mines present in the urine samples necessi- 
tated using galvanometer deflections in the 
rang: of 3 to 15. The validity of the results 
obtained is supported by the following: (1) 


the «lose similarity of all blanks; (2) the 
regu.arity of changes between pre- and post- 
stim lus collections; and (3) the general 
agre- ment of control values with figures 
obts ned on 24-hour urine collections from 
new orns using similar methods (when 


calculated as per minute excretion values) 
(12, 20). Values were 
grams (0.001 wg) excreted per kg body weight 


caleulated as nano- 


per minute. 
Blood sugars were determined in duplicate 
by the method of Hagedorn & Jensen. 


Results 

Effect of insulin on catechoiamine excretion 

After the injection of 0.3 units per kg 
body weight of regular insulin intramus- 
cularly, a reduction in the blood sugar of 
at least 20 mg % occurred in all infants 
studied, as shown in Table 1. Coincident 
with the fall in blood sugar, an increase 
in the urinary excretion of adrenaline oc- 
curred, as demonstrated graphically in 
Fig. 1. No change in noradrenaline excre- 
tion was found. The mean excretion of 
adrenaline in the pre- and _ post-insulin 
periods 0.086 + 0.081 and 0.66 + 
0.33 ng/kg body weight/minute, respec- 
tively. Similar values for noradrenaline 
were 0.26 + 0.089 and 0.23 + 0.14 ng/kg 
body weight/minute, respectively. 


was 


| 
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NORA DRENALINE ADRENALINE 


1 


11 4 


INCREASE 


Ng/kg/min 
OUD ® WON 


T T T T T T 
9 10 ® 
DAYS OF AGE 


Fig. 1. The change in catecholamine excretion following insulin administration. 


Effect of posture on catecholamine excretion naline increased from a mean of 0.18 + 
The urinary excretion of noradrenaline 0.081 to 0.45 + 0.38 ng/kg body weight hod, 


and adrenaline before and after newborns minute with the assumption of a vertical depi 


were placed in a vertical posture is tabu- position. Similar values for adrenaline [stud 
lated in Table 2. The excretion of noradre- — were 0.035 +0.033 and 0.084 + 0.066 ng/kg | exer 
ave 
PasLe 2. The effect of change in position on catecholamine excretion. rene 
relat 
Horizontal Vertical 
adre 
Norad- Adrenal- Norad- Adrenal- ad 
Age Weight Volume Time — renaline ine Volume Time — renaline ine 
(days) (kg) (cc) (min) (ng/kg/min) (cc) (min) (ng/kg/min) 
3.92 14 330 10 O19 6 70 16 O89 ? 
l 3.36 20 690 04 7 210 10 007 TI 
1.5 4.20 2 75 .23 045 78 O00 nora 
2 3.46 6 240 19 O18 6 120 027 
2 3.07 6 300 ll 005 3 130 a8 L036 In an 
25 = 1.96 9 310 13 021 4 325 17 075 of m 
2.5 act 15 945 .O8 O17 6 270 .20 O86 
2.5 3.86 11 180 18 089 10 80 1.4 193 las | 
3 3.33 11 145 27 058 15 285 62 
3 2.20 7 100 6 280 O84 
3 3.84 18 210 33 039 7 80 1.0 150 the 1 
3 3.92 15 180 33 010 4 160 19 02 creas 
4.5 75 7 105 21 000 15 245 38 19 ‘ 
5 4.20 8 330 050 6 130 
5 3.84 19 70) 12 034 18 345 1.2 153 level 
3.67 24 150 | .120 3 80 
6 3.24 7 140 05 000 18 65 4] 0-9 ma 
6 3.86 35 210 16 7 105 secre 
glye 
Mean 18 .035 45 4 
S.D. + 08 + .033 638) strat 


P Noradrenaline = <.01; P Adrenaline = <.02. 3 
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Fig. 2. The change in catecholamine excretion following vertical tilting. 


hody weight/minute, respectively. As 
depicted in Fig. 2, almost all of the infants 
studied demonstrated an increase in the 
excretion of both amines when placed in 
a vertical posture. The increase in norad- 
renaline excretion was greater, both in 
relative and absolute terms, than that of 
adrenaline. 


Discussion 


The presence of adrenaline, as well as 
noradrenaline, in the urine of newborns 
in amounts comparable to adults, in terms 
of micrograms excreted per unit weight, 
has heen previously recorded (12, 20). It is 
now apparent that chromaffin tissue in 
the newborn is capable of elaborating in- 
creased amounts of adrenaline in response 
to a sudden reduction in the blood sugar 
level. comparable in degree to the response 
in a ults (7). The increase in adrenaline 
secre ion following the induction of hypo- 
glye mia by insulin was initially demon- 
strat d in 1924 by three separate groups 
(1,3 14). Subsequent studies have both 


confirmed and extended these initial obser- 
vations. A selective release of adrenaline 
was demonstrated both in the urinary 
excretion (1) and in plasma from the 
suprarenal gland after the administration 
of insulin (6). This effect could be abolished 
by denervation of the adrenals. Recently 
Vendsalu has shown an increased plasma 
level of adrenaline following insulin (17). 
Dunér noted that a decrease in the secre- 
tion of catecholamines from the adrenal 
ensued when the head alone was infused 
with glucose, suggesting the presence of 
a central nervous system receptor system 
(5). Since newborns are capable of respond- 
ing to decreases in their blood sugar levels 
by increasing adrenaline production, the 
normally low blood sugar levels in the 
newborn period must coincide with a 
reduced threshold of such a central nervous 
system receptor mechanism. 

The results of this study suggest that 
the newborn likewise responds to change 
in posture in a manner similar to the 
adult with respect to catecholamine excre- 


tion. Whereas the source of adrenaline 
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produced in response to insulin hypogly- 
cemia is chromaffin tissue, whether intra- 
or extra-medullary in location, the source 
of noradrenaline released in response to 
postural changes is perhaps not as clearly 
defined. When the upright posture is as- 
sumed, an orthostatic fall in blood pres- 
sure, resulting from the pooling of blood 
in the splanchnic area and lower extremi- 
ties, provokes reflex general stimulation 
of the vasomotor nerves by withdrawing 
sino-aortic baroreceptor inhibition from 
the vasomotor center, as reviewed by 
Hickler et al. (13). Since 


mized patients excrete noradrenaline in 


adrenalecto- 


similar amounts as normal subjects (7) and 
the excretion is greatly increased by tilting 
head upwards from recumbent position 
(8), it seems clear that adrenergic nerves 
are the source of noradrenaline excreted 
following postural changes. That the peri- 
pheral sympathetic nervous system largely 
determines the level of plasma noradren- 
aline values is supported by the studies 
of Weil—Malherbe & Bone (18), Munro & 
Robinson (16) and Vendsalu (17), in which 
it was found that the concentration of nor- 
adrenaline in venous plasma significantly 
exceeded that in arterial plasma with the 
reverse being true for adrenaline. In addi- 
tion, Vendsalu has shown that venous 
plasma noradrenaline values were increased 
still further after tilting normal adults to 
a vertical position (17). 

In adults, tilting produces a slight 
tachycardia and increase in diastolic blood 
pressure with no significant change in 
systolic pressure (2, 17). Young & Holland 
(19) found no change in blood pressure, 
obtained by palpation, in newborns under 
5 days of age when studied during the first 
two minutes after tilting. After 5days ofage, 
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a slight increase was observed; howe ver, 
an increase in pulse rate was noted reg .ird- 
less of age. No hemodynamic observat ons 
were made in our studies. As is well kno wn, 
changes in blood pressure do not ade. 
quately reflect adjustments that might be 
occurring within the circulatory system; 
marked vaso-constriction in some areas 
might well be balanced hemodynamically 
by vaso-dilatations in other vascular 
areas. Cross & Malcolm (4) have provided 
evidence that newborn rabbits, relatively 
immature at birth, possess functioning 
pressure and chemoreceptor reflexes. The 
findings in this report suggest that barore- 
ceptor mechanisms are similarly function- 


ing in newborn infants. 


Summary 


In newborn infants 1 to 7 days of age 
adrenaline excretion in urine was found to 
be greatly increased during insulin hypo- 
excretion 


and noradrenaline 


augmented upon change from 


glycemia 
markedly 
horizontal to vertical posture as in adults. 
Accordingly, it may be assumed that both 
baroreceptors and the central nervous 
system receptor mechanism mediating the 
homeostatic response to hypoglycemia 
are functioning in the newborn period, 
the latter responding at a lower thresh- 


old. 
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Treatment of the Undescended Testis 


by C. G. BERGSTRAND and O. QVIST 


The treatment of cryptorchism is in 
spite of all the literature on the subject 
still a matter of controversy. There is no 
general agreement regarding the time and 
character of treatment and with present 
knowledge it does not seem possible to de- 
finitely settle these questions. 

The most important reason for treating 
cryptorchism is no doubt the fact that a 
testis left in a position outside the scrotum 
will ultimately undergo irreparable da- 
mage. In patients with bilateral involve- 
ment this means, possibly with a few ex- 
ceptions, a total loss of fertility. 

With regard to the many problems con- 
cerning management of the undescended 
testes it was thought of interest to study 
the immediate results of surgical and of 
hormonal treatment and compare the re- 
sults with the findings in patients who had 
not received any treatment at all. 

The question of how long a testis may 
remain in an abnormal position without 
permanent damage has been studied with 
the testicular biopsy technique but there 
is still disagreement of opinion. It is not 
the purpose of the present report to discuss 
this problem in full. It must, however, be 
mentioned that several authors (2, 5, 11, 
12, 17) have found histological changes in 
the undescended testis at a relatively early 


age (5 to 10 years) but have also admitted 
that in some cases these changes may be 
due to constitutional defects. Other au- 
thors (1, 13, 15) have concluded that true 
degeneration does not occur before pu- 
berty. For these reasons it was thought 
justifiable in the present study to postpone 
treatment until near puberty especially as 
a previous investigation did not suggest 
that early treatment would give better 
result with regard to fertility (3). 

The term undescended testis is defined in 
the present paper as a testis situated out- 
side the scrotum and which by manipula- 
tion cannot be brought down into its pro- 
per place. The term cryptorchism is used as 
a synonym. With a retractile testis is meant 
a testis which occasionally is found in the 
scrotum or can be brought into a scrotal 
position by manipulation. An ectopic testis 
is usually defined as a testis that has 
deviated from its normal path of descent. 
Many surgeons consider a testis situated 
on the top of the external oblique «po- 
neurosis as ectopic and find this posi ion 
very common. Other authors state ‘hat 
this condition is relatively rare. As the 
problem has only a limited interest for 
the present investigation it will not be 
discussed and the term “ectopic tes is” 
will not be used. 
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Materials and Methods 


‘The patients for the study were selected 
in the following way. Among a total of 104 
boys with eryptorchism seen at the surgical 
outpatient department at Kronprinsessan 
Lovisas Barnsjukhus from April 1954 to 
March 1956 37 patients were selected for 
immediate operation, 33 patients were re- 
ferred to the endocrine outpatient depart- 
ment for hormone therapy and for 34 pa- 
tients it was decided that no treatment 
should be given before early puberty. The 
selection of patients for these three groups 
was made at random. Bilateral cryptor- 
chisim was found in 21 patients and unilateral 
involvement in 83. Patients with retractile 
testes were as far as possible excluded from 
the study. Patients who, when first seen at 
the outpatient department, had a hernia 
and for this or other reasons had to be 
operated upon were also excluded. 

It was decided that as a rule no treatment 
should be given before 10 years of age and 
not be postponed after 14 years. 

The original scheme could, however, for 
different reasons not be strictly followed. 
Several patients did not come back for 
control examinations as arranged, other boys 
had to be operated upon as they developed 
a hernia or complained of inguinal pains 
and a small group of patients were treated 
in other hospitals. As a consequence a num- 
ber of patients were found at the follow-up 
have been treated according to 
schedule. The hormone treated group and 
the group left without treatment were found 
to he considerably smaller than originally 
planned. 

The technique for the orchiopexy will not 
be described in any detail. The inguinal canal 


not to 


was laid sufficiently open to permit a careful 
diss:ction and mobilization of the cord. The 
testis was placed in the scrotum and in cer- 
tain cases fixed to the scrotal wall. 

C orionie gonadotrophin was given intra- 
mus ularly two times weekly in a dose of 
600 .U. for 6 or in some eases for 12 weeks. 
A fy patients received a second course of 


inje: tions. 


The follow-up examination was made late 
in 1959, i.e. the time of observation for pa- 
tients treated by orchiopexy or by gonado- 
trophin injections was at least 2 years. Of 
the original 104 patients 99 were personally 
re-examined, and 4 answered a question- 
naire. One patient who at operation was 
lacking the right testis could not be found at 
the follow-up but was included in the study. 

At re-examination the size, consistency and 
position of the testis was evaluated and the 
results of treatment were considered as good 
when these criteria were found to be normal. 
It might be emphasized that this does not 
necessarily fertility. 
counts and testicular biopsies were not made 


mean future Sperm 


at the follow-up. In a few cases biopsies were 
made in connection with orchiopexy. 


Results 


Group I. Patients selected for operation. 
The number of patients was 37 and of these 
cases 35 were operated upon. Three boys 
had bilateral cryptorchism. Two patients 
in this group had not been operated. They 
were found to be entirely normal at the 
re-examination and stated that sponta- 
neous descent had occurred at the age of 
11-12 and 14 years respectively. The re- 
sults are shown in Tables 1 and 2 and 
may be summarized in the following way. 
In 26 patients, including 3 cases with 
bilateral involvement, the testicular posi- 
tion, size and consistency were entirely 
satisfactory. Testicular aplasia or atrophy 
was demonstrated at the operation in 5 
cases. Only in a single case the follow-up 
examination showed a poor result: the 
testis could not be found. A questionable 
result was demonstrated in 3 patients: the 
testis was either situated high in the scro- 
tum or found somewhat smaller than nor- 
mal. 

Group ITI. Patients selected for hormone 
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TABLE 1. 


Number of Age at Age at re- Result of re- 
patients operation Primary result examination examination 
2 7 questionable 1] 10-12 normal 2 
poor 
2 9 * hypoplasia 2 12-1: testis not found 2 
2 10 good l 14-15 normal l 
aplasia I testis not found | 
5 1] good 4 13-15 normal 4 
poor l questionable | 
9 12 good 7 15-18 normal 7 
poor poor 
* hypoplasia | testis hypoplastic 1] 
8 13 good 5 16-18 normal 6 
questionable 2 questionable I 
aplasia l testis not found 1 
3 14 good 2 17-18 normal 2 
questionable | questionable 1 
l 15 good l 18 normal ] 


* Testis found hypoplastic at operation. 


Immediate postoperative results and clinical findings at follow-up examination in 32 boys with 
unilateral ecryptorchism treated by orchiopexy. Good primary result: Testis brought into correct 
anatomical position. Questionable primary result: Testis not brought down to the bottom of the 
scrotal sac. Poor primary result: Testis placed outside the scrotum. Questionable result at the follow-up 
examination: Testis situated high in the scrotum and/or somewhat smaller than normally. Poor 
result at the follow-up examination: Testis situated outside the scrotum and/or definitely atrophied. 


treatment. The total number of patients 
was originally 33 and of these 24 had uni- 
lateral and 9 bilateral cryptorchism. Hor- 
mone treatment was given to 23 patients. 
Two patients were “by mistake’’ operated 
upon at 10 and 11 years of age respectively, 
without preoperative hormone therapy. In 
both cases a testicular atrophy was in- 
cidentally found at operation. 

Eight patients did not receive any treat- 
ment at all. Most of them were considered 
too young when first seen and did not come 
back as arranged. At the follow-up exa- 
mination 2 of these patients (1 with uni- 
lateral and 1 with bilateral cryptorchism) 
Both had 
reached puberty and stated that sponta- 


were found to be normal. 


neous descent had occurred at an age of 
11 and 13 years respectively. Two patients 
had developed a hernia and had to be 
referred for operation. In the remaining 
four patients the findings had not changed. 

The results of the hormone treatment in 
the 23 patients are shown in Table 3. In 
13 patients the hormone therapy was fol- 
lowed by operation. The results may be 
summarized in the following way. The 
hormone therapy was successful only in 5 
patients (2 bilateral) out of 23. In 1 a:ddi- 
tional patient the testis was brought d« wn 
into the scrotum but was definitely hy po- 
plastic. The size of the testis had not in- 
creased at the time of re-examination. | ‘he 
result was questionable in one case. At 
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TABLE 2. 


Number of Age at Primary Age at re- Result of re- 
patients operation result examination examination 
l right side 7 good 11 bilat. normal 

left side 8 good 
] right side 10 good 15 bilat. normal 

left side 11 good 
I bilat. 10 good 13 bilat. normal 


Iinmediate postoperative results and clinical findings at follow-up examination in 3 boys with 
bilateral eryptorchism treated by orchiopexy. Definitions as in Table 1. 


operation it was shown that one patient bilateral involvement a satisfactory result 
had hypoplastic testicles with suspected — on one side. The result was questionable in 
aplasia of the germinal cells and one pa- 3 cases, i.e. the testis was found somewhat 
tient had a one-sided testicular aplasia. smaller than normal or high in the scrotum. 
The orchiopexy that followed the hormone — In two patients the result of the orchio- 
treatment gave a satisfactory result in 4 pexy was very poor, i.e. the testis was 
cases and in 2 additional patients with found definitely atrophied at the re-exami- 


TABLE 3. 


Number of Ageat Result of hor- Number of pat. Age at re- a 


patients treatment mone therapy operated upon examination Not operated Operated 
I 9 good 1 0 12 questionable | 0 
l 10 poor | l 13 0 questionable 1% 
6 1] good 2 2 15-16 normal 2 normal 2° 
poor 4% poor 2 
7 12 good | 6 14-17 normal 1 normal ] 
poor 6° one side normal 1% 
questionable 1 
poor 
aplasia ] 


“*Klinefelter’? 1° 


4 13 zood 14% 18 normal 1% questionable 
poor 3° poor 
3 14 3% 3 18-20 0 normal l 
I . 
one side normal 1% 
poor 1 
15 good 1° 0 17 normal 0 


ne patient with bilateral eryptorchism. 
‘wo patients with bilateral eryptorchism. 
I'imediate results of gonadotrophin administration and of orchiopexy following the hor- 
mo: » therapy. Clinical findings at follow-up examination of 23 boys. Definitions as in Table 1. 
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TABLE 4. 


Number of Age at Age at re- Result of re- 
patients descent examination examination 
3 11 11-14 normal 3 
6 eg 12-17 normal 2 
one side normal 1% 
questionable 2 
atrophy ] 
13 15 normal 
1 14 15 atrophy l 
15% 16 normal i< 
3 - 10% 14-15 normal 
one side normal 1% 
3 11% 15-16 normal 
>12 17 atrophy 
] no descent 16 no descent 1 


* one patient with bilateral eryptorchism. 


Clinical findings at follow-up examination 
Table 1. 


as in 


nation. In spite of unsuccessful hormone 
therapy 3 patients had at the time of the 
follow-up examination not been operated. 

Group III, Untreated patients. This 
group consisted originally of 34 patients 
had and 9 
bilateral ecryptorchism. For different rea- 


oR 


and of these 25 unilateral 
sons 13 patients (4 with bilateral cryptor- 
chism) had at the time of the follow-up 
examination been operated upon. The 
result was entirely satisfactory except in 
one patient. This boy who had bilateral 
cryptorchism was operated at the age of 
7 years. At the re-examination the right 
testis was considerably smaller than nor- 
mal and situated outside the scrotum. 
One patient was given hormone therapy 
at the age of 13 years in another hospital. 
No effect was obtained. The remaining 20 
patients (5 with bilateral eryptorchism) 
had at the time of the follow-up examina- 


20 boys with spontaneous descent. Definitions 


tion not received any treatment, and 
ranged in age between 11 and 17 years. 
Several of these patients who at the re- 
examination were found to be normal had 
failed to come for regular control examina- 
tions as arranged and were unable to de- 
finitely state when the descent had taken 
place. It was, however, obvious that in the 
majority the descensus had occurred after 
12 years of age. The latest time of descent 
observed was 15 years. All patients had 
reached puberty, with exception of 2 boys 
with bilateral involvement. The findings 
at the follow-up examination are shown in 
Table 4. 

The results may be summarized in he 
following way. Descent had at the ti ne 
of the follow-up examination occurred in 
all of the 15 boys with unilateral erypt r- 
chism except one. This boy was 16 ve vrs 


old and had reached puberty. In 2 1a- 
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tien: s. however, the testis was found some- 
what smaller than normal and 3 patients 
showed a clearcut testicular atrophy. The 
result was satisfactory with regard to the 
position, size and consistency of the testis 


in patients. Five boys had _ bilateral 


cryptorchism and of these 3 showed normal 
testicular findings whereas 2 boys only 
had an unilateral descent. 

The result of treatment was also con- 
sidered irrespective of in which group the 
patients originally were placed. It was 
found that of 63 patients operated upon, 
42 (66 per cent) at re-examination showed 
normal testicular findings. The administra- 
tion of gonadotrophin gave a good result 
in only 5 out of 25 patients and of 30 pa- 
tients who had not received any treatment 
16 showed normal conditions at the re- 
examination. 

The number of patients who had rea- 
ched an age of 13 years without treatment 
or had had spontaneous descent before 
that age was 48 and of these 14 showed at 
the follow-up examination an entirely sa- 
tisfactory condition. Two additional pa- 
tients with bilateral involvement showed 
descent on one side. 

When the results were considered with 
regard to the original testicular position 
in Groups IT and IIL it was found that in 
the 6 patients with descent after gona- 
dotrophin administration the testes had 
been situated in the canal or outside the 
external ring when treatment was started. 
In t.e 19 boys with spontaneous descent 
(2 |) lateral cases with one-sided descent) 
the ‘estis had at the first examination 
heer found in the canal in 2 cases, outside 
the: xternal ring in 14 cases and in 3 cases 
the ostis was not palpable. 


Discussion 


As previously mentioned it was de- 
cided that the patients of the three groups 
should be selected at random. If this was 
really achieved it could be expected that 
the incidence of different testicular posi- 
tions should be the same in the groups. 
About 50 per cent of the patients in each 
group were found to have the undescended 
testis near the external inguinal ring at the 
initial examination. The testis was not 
palpable in 25 per cent and considered to 
be situated in the canal in 25 per cent. It 
must, however, be remarked that in the 
group that finally received hormone treat- 
ment the number of patients with the 
testis near the external ring were some- 
what smaller than in the other two groups. 
The third group also underwent certain 
changes during the course of the investiga- 
tion. Of the original 34 patients 13 were 
operated upon prior to the follow-up exa- 
mination and in several of theses cases the 
testis was situated in the canal. Thus in 
the final group of untreated patients the 
testis in a majority of the cases was near 
the external ring. This must be kept in 
mind when the groups are compared. 

It is obvious that the results found at 
the follow-up examination are different in 
the three groups. The best results were 
found in the patients treated by orchio- 
pexy; 26 patients of 35 showed normal 
conditions and in 5 additional patients 
with testicular aplasia or primary atrophy 
it is not likely or possible that the result 
could have been improved by any form of 
treatment. This means that at most in 4 
patients of this group the treatment can 
be regarded as unsuccessful. The figures 
seems to be in reasonable agreement with 
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the results of larger series e.g. Snyder & 
Chaffin, Gross & Jewett and Hallman et al. 
(7, 8, 16). 

Compared with the results of orchiopexy 
the effect of hormone treatment appears 
very poor, only 5 of 23 patients showed a 
result that can be regarded as entirely 
satisfactory. In one patient later found to 
have a testicular aplasia on one side no 
treatment could have been of any benefit 
and it is likely that the same holds true 
for 4 additional patients where a pronoun- 
ced testicular atrophy was found at the 
follow-up examination. It can not of course 
be wholly excluded that in these cases 
the gonadotrophin administration contri- 
buted to the testicular damage but this 
_ ossibility seems rather unlikely in the 
The 


aplasia of the germinal cells found in one 


light of recent investigations (4). 
patient with bilateral cryptorchism and 
positive (female) “‘sex-chromatin”’ pattern 
is best regarded as a congenital defect. It 
is not likely that any type of treatment 
could have improved the condition. In one 
patient the result of the hormone therapy 
was not entirely satisfactory. The testis 
had moved out of the inguinal canal but 
not reached the scrotum. This boy was the 
youngest patient of this group. In sum- 
mary it may be stated that at least in 11 
patients out of 23 the hormone treatment 
must be regarded as a failure. In five of 
these cases a hernia was found at the sub- 
sequent operation. 

In 13 patients the hormone therapy was 
followed by operation. If it is assumed 
that in 3 cases the operation could not 
reasonably have been of any benefit, and 
these cases are excluded, the results of the 
orchiopexy were entirely satisfactory in 4 
patients, questionable in 3, poor in 1 and 
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satisfactory only on one side in | case v ith 
bilateral cryptorchism. This group of )a- 
tients treated both by hormones and _ by 
orchiopexy is too small for a comparison 
with the group where orchiopexy was the 
only treatment and it seems not possible 
to conclude that the results in the former 
group are less satisfactory. 

The results of gonadotrophic hormone 
therapy reported in the literature have 
been very variable (for references vide 
Charny & Wolgin). 
claimed success in up to 100 per cent of the 


The earlier reports 


patients treated. There are still series pub- 
lished with very good results in a selected 
group of patients (4, 6) but generally the 
figures have in more recent investigations 
been lower. Judging from the literature it 
seems reasonable to expect descent from 
gonadotrophin administration in about 20 
per cent of the patients. The result re- 
ported in the present paper (5 of 23 pa- 
tients) corresponds rather well with this 
figure. 

In the third group where no treatment 
was given the findings at the re-examina- 
tion were entirely satisfactory in 12 of 20 
patients (3 with bilateral cryptorchism). 
In 2 additional patients with bilateral! in- 
volvement descent had occurred on one 
side. The exact number of “failures” is 
difficult to state also in this group as it is 
impossible when the testis was found sinal- 
ler than normal or definitely atrop/iied 
to know due to a 
constitutional defect or could have | een 


whether this was 


prevented by adequate treatment. It can 
therefore not be excluded that in the 
remaining 8 patients orchiopexy at an 
earlier stage could have given a be ter 
result. 

The true incidence of spontaneous de- 
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scent during childhood is for different rea- 
sons very difficult to estimate and the 
figures given in the literature vary within 
wide ranges. Judging from larger series 
published 50 per cent seems to be an ac- 
ceptable figure (9, 10, 14, 18). The number 
of patients with spontaneous descent and 
normal testicular findings (12 of 20 pa- 
tients) reported here seems to be in agree- 
ment with these reports. 

Many authors have come to the con- 
clusion that gonadotrophin administration 
effect descent in only those patients whose 
testes ultimately would have descended 
spontaneously. With regard to the number 
of patients with spontaneous descent in 
the present investigation (12 of 20. pa- 
tients) a more satisfactory result could 
perhaps have been expected in the hor- 
mone treated group (5 of 23 patients). As 
the number of patients in both groups is 
small the difference can hardly be regarded 
as significant and it may also be pointed 
out that in the hormone treated group the 
number of patients with the testis near 
the external ring was somewhat smaller 
than in the other groups. 

As mentioned above the original group 
of untreated patients was reduced by ope- 
rations performed prior to the follow-up 
examination. In the remaining patients 
the testis had in a larger number of cases 
a position near the external ring and it is 
possible that this fact contributed to the 
favourable result. About half of these pa- 
tients showed normal testicular findings at 
the ‘ollow-up examination. 

If 13 years is set as an age limit for 
chful waiting’, which seems reason- 
able with regard to the increasing risk of 
testi ular damage at the time of puberty, 
the ‘ gures for spontaneous descent are less 
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favourable. About 45 per cent of the pa- 
tients had reached this age without re- 
ceiving any treatment and about one third 
of these boys were found to be entirely 
normal at the follow-up examination. 

It is well known that in a certain number 
of patients with cryptorchism the unde- 
scended testis shows abnormalities which 
must be regarded as congenital. The fre- 
quency of this “primary testicular dys- 
plasia”’ or “testicular dysgenesis” is not 
exactly known but seems according to 
several authors to be rather high. Charny 
& Wolgin give the figure 20 per cent of all 
undescended testes. It must be emphas- 
ized that for an evaluation of the true in- 
cidence of testicular dysgenesis a_histo- 
logical diagnosis is necessary and even 
then it may in some cases be difficult to 
exclude that the defects not are due to the 
undescended state of the testis. In the 
present investigation it could be estab- 
lished that at least in 19 cases one or both 
testes were atrophied or missing. As 
biopsies were not regularly made it is not 
possible to give the exact number of con- 
genitally defective testes but it seems 
reasonably safe to state that in at least 10 
of the 104 patients no treatment could 
have been of any value. In these cases 
testicular aplasia (3 patients) was de- 
monstrated or the testis was found de- 
finitely hypoplastic at operation made at 
a relatively early age (before 11 years). 


Summary 


A follow-up study was made on 104 
boys with cryptorchism not less than two 
years after treatment. The boys had been 
divided at random in three groups origi- 
nally comparable with regard to testicular 
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position and to the age of the patients. In 
the first group treated by orchiopexy the 
findings were normal in 26 patients out 
of 35. In the second group treated with 
gonadotrophin the results were satisfac- 
tory only in 5 patients out of 23. The third 
group (20 patients) did not receive any 
treatment. Twelve boys were entirely nor- 
mal and 2 boys with bilateral involvement 
had one normal testis in the scrotum. 

It must be emphasized that a result, 


satisfactory from an anatomical point of 


view is no guarantee of future fertility It 


is therefore difficult to draw conclusi )ns 


from the present investigation with reg ird 


to the choice of treatment. The high in. 


cidence of spontaneous descent founc in 


this and in other investigations secins, 


however, to suggest a postponement of 


orchiopexy until near puberty as long és it 


has not been proved that the undescended 


testis undergoes permanent damage before 


puberty. 
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From the Department of Pediatrics, University Hospital, Uppsala 


Chronic Granulocytic Leukemia in Childhood 


by BO VAHLQUIST and JEAN-CLAUDE VUILLE 


In adults the chronic forms of leukemia 
constitute a large and significant group, 
the frequency of which predominates over 
that of the acute forms from the age of 
25 vears (cf. Wintrobe, 1956). From birth 
to 15 vears the position is quite different. 
Acute leukemia is then relatively com- 
mon. while the chronic type is unusual: the 
lymphatic form is extremely rare, and 
according to different statistics the granu- 


locytic form constitutes only 5% or less 


of all cases (Cooke, 1953; Opitz, 1954; 
Light wood et al. 1960). 
During the last 10 years the senior 


author has observed five cases of chronic 
granulocytic leukemia in children. Several 
of these were kept under careful observa- 
tion over long periods. Among the special 
studies which were made, B,, analyses in 
the serum and the effect of Myleran ther- 
apy are worthy of mention. 


Case Reports 


Case 1, A boy, born March 17th, 1955, 
second child in a healthy family. From the 
age «tf 1 month the boy suffered almost 


constantly from infections of the 


respi 


upper 
itory tract. At the age of 4 months 
he vis admitted to the department of pe- 
diat) of the central hospital in Hudiksvall 
beca se of an “acute nephritis’. The physical 
‘nation revealed small red papulous, 
part ily enerusted eruptions on the scalp, 
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the liver was palpable about 2 ecm and the 
spleen about 3 cm below the arcus. Labora- 
tory findings: Hb 10.3 ¢%, RBC 3.3 mill., 
WBC 32,200; differential count—st. 1, seg. 
44, eos. 1, 
After a few weeks the “‘nephritic’? symptoms 


baso. 0, lympho. 46, mono. 8. 


had disappeared and attention was now 
drawn to repeated boil-like infiltrations of 
various localisation, recurring and therapy- 
resistant infections of the upper respiratory 
tract, and to the changes in the white blood 
picture. The WBC count increased to 91,000 
and a few promyelocytes, myelocytes and 
metamyelocytes appeared in the peripheral 
blood. The thrombocyte count was low 
with a mean value of about 50,000. Examina- 
tion of the bone marrow revealed active 
leukopoiesis and slight hyperplasia of the 
reticuloendothelial system which was inter- 
preted as a more or less normal reaction to 
the repeated infections. There were only very 
few megacaryocytes. After two months both 
the liver and spleen had increased consider- 
ably in size and the lymph glands had also 
become larger. One of them was excised 
for histological examination, but this did not 
reveal any specific changes. A large necrosis 
developed at the site of the excision. The 
development of the boy became more and 
more retarded and he failed to increase in 
weight, but in spite of the continuous in- 
fections, the anemia and the thrombocyto- 
penia, the general condition remained sur- 
prisingly good. 

At the age of 7 months the patient was 
transferred to the department of pediatrics 
of the University Hospital, Uppsala. On 
admission the liver was felt at the height of 
the umbilicus and the spleen reached the 
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crista iliaca. Moreover, a papulovesiculous 
eruption was noticed on scalp, face, back 
and legs. Blood examination revealed again 
anemia (Hb 10.9 ¢%), thrombocytopenia 
(60,000) and leucocytosis (56,800) with 3% 
promyelocytes, 5% myelocytes, 11.5% meta- 
myelocytes and 8.5% pathological mono- 
cytes. Serum electrophoresis showed some- 
what low albumin and high gamma-globulin 
values. ASTA 
content of the serum was highly increased 
(4300 
specimen the myelopoiesis was predominant 


was 5.0 units/ml. The B,, 


In a new bone-marrow 
with an accumulation of promyelocytes and 
myelocytes but quite a good representation 
The 


granulocytic leukemia 


of metamyelocytes stab-forms. 
diagnosis of chronic 
seemed warranted and 10 X-ray treatments 
were administered. Thereafter the liver and 
spleen decreased in size, the WBC count was 
reduced to 15,000 with only very few im- 
mature cells remaining and the RBC and 
thrombocytes rose to almost normal values. 


But 
developed new infiltrations of a bluish colour 


in spite of this improvement there 
and with a tendency to spontaneous perfora- 
tion and necrotisation, the pus containing 
Staph. aureus and pyocyaneus which needed 
treatment with erythromycin. The lymph 
glands increased continuously in size. At the 
end of the X-ray treatment the thrombocyte 
level had again fallen to 38,000. On Decem- 
ber 13th, 1955, the boy was transferred back 
to the local pediatric department. 

The subsequent course was characterised 
by failure to thrive, repeated infections of 
the respiratory tract, diarrhea and increasing 
spleno-hematomegaly in spite of treatment 
with Hydrocortone and Colcemid, the blood 
picture remaining quite constant with RBC 
between 3.2 and 3.6 million (sustained by 
iron medication), WBC between 13,000 and 
43,000 (with up to 20% immature cells of 


all stages), and thrombocytes between 
39,000 and 125,000. After therapy with 


Myleran (one month) the general condition 
improved somewhat, the liver and _ spleen 


decreased and the leucocyte count was 


further reduced. But after a short stay at 
home (about 1 month) skin infiltrations be- 
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gan again, together with several hemato: jas, 
and the WBC count rose again to 80.\)00, 
A new course of Myleran was begun but had 
to be discontinued after a short time be. 
cause of thrombocytopenia (some vz lues 
10,000), 
the skin and from the mucous membrines, 


below resulting bleeding int 
The boy recovered surprisingly well fro: an 
attack of chickenpox, but during the foilow. 
ing the 
progressively worse with almost constant 
infiltrations in the 
enlargement of the spleen and liver, raised 
WBC 532,000, 
thrombocytopenia. The boy died on Januar 
29th, 1957, at the age of 1 year and 10 
months, 14 the 
disease. Autopsy was not performed. 


months general condition vrey 


fever, leukemic skin, 


count up to anemia ani 


years after onset of the 


Comment. This is a case with a ver\ 
early onset, occurring already during th 
first half-year of life. It demonstrates the 


difficulties which may be sometimes en- 
countered, at this age and at an earl) 
stage of the disease, in making a differen- 
tial diagnosis, especially from infectious 
diseases. The true character of the disease 
was confirmed, however, by a strongl 
raised value of the B,, in the serum (430) 
fug/ml) and by a leucocytosis which in 
the final phase reached the very high 
value of 532,000 WBC per cmm. 

An increased sensitivity to infection maj 
oceur in chronic granulocytic leukemia 
in adults but is usually not a prominent 
this child both 
spiratory and cutaneous staphylococcal 
infections were found. These can undoubt- 


feature. In upper re: 


edly have contributed to leukocytosis. 
enlargement of spleen and liver, and «ven 
to the general lymphadenophathy. O: the 
other striking features the periodic lym >ho- 
cytosis (max. 16,000; cf. also Case 3) nay 
be mentioned, and the absence of thror :bo- 
cytosis—in certain periods there wis 4 
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TABLE 1. Some hematological findings in case 1. 


Age, Plate- Path. 
years Hb g% lets WBC Blast. Promyelo. Myelo. Meta. St. Seg. Eos. Baso. Lympho. Mono. mono. 
«(10.38 32.200 1 4 lL — 46 8 
10.6 54,000 31,200 2 4 6 38 1 51 6 
9.5 64,000 31,000 6 34 2 2 
10.9 60,000 56,800 3 5 115 6.5 21 1.5 30 13 8.5 
11.5 43,000 15,200 2 4.5 40 - 20 19 
11.8 38,000 13,300 - 2 2.5 2 42.5 0.5 12 31.5 7 
10.1 123,000 43,000 3 3.97 47 #1 - 24 10 5 
13, 9.3 28,000 78,800 2 2 3 3 7 2 38 4 41 3 4 
l 8.9 10,000 532,000 


pronounced thrombocytopenia. This was 
noted before the commencement of any 
specific treatment, but it became intense 
during the second period of Myleran 
therapy. 

Case 2. A boy, born on November 25th, 
1954, fourth child. One 
day after delivery (probably cerebral hemor- 


brother died one 
rhage); the mother had anemia and albu- 
minuria during the last two months of this 
pregnancy. The boy has always had a large 
abdomen (‘like a frog’’) but was otherwise 
quite healthy up to the age of 5 months when 
the abdomen began to extend more and 
the 
chest and extremities. In spite of a good 


more, contrasting strikingly to thin 
appetite he failed to thrive, and became pale. 
On admission to the hospital on May 3lst, 
1955, at the age of 6 months, he appeared 
pale and thin with a strikingly large ab- 


domen, over which the veins were dilated. 


The liver was palpable about 4 em below 
the arcus, the spleen enormously enlarged, 
disay pearing behind the symphysis at its 
lowe edge and reaching a line 5 em to the 
right of the umbilicus. Laboratory findings: 
Hb 7.8 g%, RBC 2.6 mill., reticulocytes 
10.6 WBC 171,200; differential count 

blas' cells 8, promyelo. 7.5, meta. 5.5 st. 
4.5, seg. 18.5, eos. 11, baso. 5, lympho. 
18.5 mono. 15.5. Nucleated red cells, 5 per 
100 VBC. Thrombocytes 196,000. Serum 


iron 59 gamma%. Non-protein N 44 mg %. 
B,.-concentration in the serum 4000 
The bone marrow showed a predominance 
of the myelopoiesis with mostly myelocytes 
and metamyelocytes, and only very few 
myeloblasts. The erythropoiesis did not show 
the of 
loendothelial cells was slightly increased. 
The of granulocytic 
leukemia seemed definite and therapy with 


any abnormalities, number reticu- 


diagnosis chronic 
Cortone, later combined with Urethan was 
tried, but this did not exhibit any effect on 
the enlarged spleen or the leucocytosis. A 
series of six X-ray treatments was therefore 
given, which resulted in a rapid decrease in 
the number of white cells with disappearance 
of all pathological elements, and in a decrease 
in the size of the spleen. A transitory fall in 
the thrombocyte count to 40,000 was also 
noticed, however, resulting in petechiae. The 
B,.-concentration in the serum had decreased 
to 600 ywug/ml after X-ray treatment. Be- 
cause of a recurring tendency to increasing 
WBC and further enlargement of the spleen 
in spite of treatment with Myleran, a new 
series of X-ray treatments was given in Sept. 
1955 the beneficial effect 
before, but again resulting in a thrombocyto- 


with same as 
penia, whereas the hemoglobin concentra- 
tion was maintained at a satisfactory level 
by means of a few blood transfusions. On 
discharge from hospital on Oct. Ist, 1955, 
at the age of 10 months, the general condition 
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of the patient was fairly good. As may be 
seen from Fig. 1, the leucocyte count began 
to rise again a few months later; the throm- 
bocytes remained persistently at a very 


low level—resulting in periodic petechial 
the 


creased in size in spite of treatment with 


eruptions—and spleen gradually in- 


| 
| 
6/12 1 1 6/12 2 2 6/12 3 36/12 Years 
A 


Bone marrow 


Fig. 1 (Case 2). Chronic granulocytic leukemia. Male, age at time of diagnosis 6 months. 


Coleemid and Myleran. At the age of 1 

and 8 months a further series of X-ray t: 
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goo state apart from frequent infections 
of tne upper respiratory tract, several pur- 
puriv rashes and occasional gastrointestinal 
symptoms. His mental and physical develop- 
ment during this period were normal. A 
further series of X-ray treatments at the age 
of 3 years and 2 months had a moderately 
good effect, but four months later the general 
condition became worse. Profuse bleeding 
from the nose and in the skin resulted in a 
marked fall of the hemoglobin level in spite 
of blood transfusions and Kenacort medica- 
tions. One month after the onset of these 
symptoms the patient died, showing physical 
signs of bilateral bronchopneumonia. Death 
occurred at the age of 3 years and 8 months, 
3 years and 2 months after the diagnosis had 
been made. The autopsy revealed multiple 
pulmonary hemorrhages as the immediate 
cause of death and a marked infiltration 
of the bone marrow, spleen and lymphglands 
with myeloid elements, partly of atypical 
appearance and with a strikingly high num- 
ber of eosinophils. 


The 


chronic granulocytic leukemia was _pres- 


Comment. complete picture of 
ent already at the age of 6 months. There 
is reason to believe that the disease had 
existed for a considerable time before this. 
The first B,. analysis showed a character- 
istically raised value (4000 ug/ml). The 
course is seen in Fig. 1—it extended over 
a period as long as 3} years. A pronounced. 
sensitivity to infections of the upper 
respiratory tract was noted also in this 
case. X-ray therapy showed striking 
results on repeated occasions, while vari- 
ous other therapeutic attempts, including 
Myleran, exhibited poor or no effect. In 
this case, as in several of the others, it 
was difficult to avoid thrombocytopenia 
and tendency to bleeding during treat- 
me) t, 


Cise 3. born 


A girl, May 22nd, 1949, 
fou 'h child in a healthy family. In good 


health up to the age of 5 months, when she 
had a bilateral otitis media with an unusually 
protracted course. She was admitted to the 
department of pediatrics of the central 
hospital in Visby on December 3rd, 1949, 
because of persistent otorrhoea. Physical 
examination revealed no abnormalities other 
than the chronic otitis. Laboratory findings: 
Hb 7.72%, WBC 35,600; differential count— 
meta. 10, st. 


baso. 0, lympho. 35, mono. 1. The anemia 


myelo. 8, 13, seg. 30, eos, 3, 


responded well to iron therapy and the 
general condition improved. However, three 
weeks later the liver and spleen became 
palpable. The bone marrow showed a matur- 
ation arrest both myelopoiesis and 
erythropoiesis, a slight eosinophilia and a 
hyperplasia of the RES. Five weeks later 
risen to 58,000. 


Differential count: myelo. 6, meta. 2, st. 7 


the leucocyte count had 


seg. 20, eos. 2, lympho. 51, mono. 12. During 
the following months the liver and spleen 
increased progressively in size. The child 


was therefore treated with several blood 


transfusions, X-rays and Urethan, after 


which the decreased to 


9600 with still a few immature cells in the 


leucocyte count 


differential count, and the liver and spleen 
1950, 
the child was transferred to the department 


were reduced in size. On March 28th, 


of pediatrics of the Norrtull hospital in 
Stockholm. On admission the girl was in a 
satisfactory general condition. Eezematous 
eruptions were seen on the head, shoulders 
and genito-anal region. Liver and_ spleen 
were enlarged, the edge of the latter being 
palpable about 5 em below the arcus, and a 
slight swelling of the lymph nodes was noted. 
Laboratory findings: Hb 8.1 g%, thrombo- 
57,000, 19,400; differential 


a few myelo., st. 7, seg. 48, eos. 5, 


cytes 
count 
baso. 0, mono. 5, lympho. 35. Serum bili- 
Non-protein N 33 


Bleeding time 2 min, coagulation time 1 min. 


rubin 0.6 mg%. 


Histological examination of an_ excised 
lymph node showed a hypertrophy of the 
reticulo-endothelial cells and an infiltration 
with eosinophils. The girl was again treated 
with Urethan during the next three weeks 
with a moderate effect upon the WBC count 
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TABLE 2. Some hematological findings in case 3. 


Age, Plate- 
years Hbg% lets Blast. Promyelo. Myelo. Meta. St. Seg. Eos. Baso. Lympho. M no. 
35,600 8 10 13 30° 3 35 
12 9.6 128,000 58,000 6 51 2 
is 9.5 889,000 9,600 4 2 6 45 8 31 5 
12 -57,000 19,400 a few 7 48° 35 5 
li 11.8 80,000 44,200 9 23 8 55 5 
lis 9.6 83,000 43,700 15 4 8 28 1 34 i0 


and splenic enlargement. She was discharged 
from the hospital in good condition on April 
20th, 1950. 

After 2 months of fairly good health the 
child had another protracted otitis media, 
which did not respond to antibiotics, and the 
general condition deteriorated gradually. On 
admission to the Norrtull hospital on July 
10th, 1950, at the age of 14 months, the 
lymph glands, liver and spleen were enlarged, 
the latter extending to below the umbilicus. 
Hb was 11.8 2%, thrombocytes 80,000, 
WBC 44,200 with absence of all immature 
cells. Penicillin was given and a new course of 
Urethan begun, again resulting in a decrease 
of the WBC count, but without any effect 
upon the size of the parenchymatous organs. 
She was discharged from the hospital on 
July 10th, 1950, in improved state. During 
the following months the child appeared 
quite healthy, but in November 1950 she 
had to be treated again with Urethan for 
8 days because of increasing WBC count. In 
spite of hematological improvement the 
child had repeated infections of the respira- 
tory tract. In December 1950 she developed 
migrating pneumonia, and died on February 
2nd, 1951, 1 year and 2 months after the 
first hospitalisation. Autopsy was not per- 


formed. 


Comment. As in cases | and 2, this is a 
child with a very early onset of the disease, 
i.e. before the age of 6 months. In this 
case also there was a markedly increased 
tendency to infection (recurrent otitis, 
upper respiratory infections and pneu- 


monia). This is the only girl in the material, 
and the diagnosis lacks the evidence of a 
analysis and a_ leucocytosis 
100,000. The clinical data taken together, 
the 
Urethan, and the fatal outcome after a 


course of 


over 


reaction to X-ray therapy and 


5 years, support the diagnosis 
of chronic granulocytic leukemia, but at 
the same time point to the difficulties 
which may occur in making a definite 
diagnosis at an early age. 

Case 4. A boy, born March 16th, 1948, 
fourth child in a family with high incidence 
of tuberculosis. Always in good health to the 
age of 8 years when he consulted a physician 
The 
which was 


because of a hematoma on the foot. 


physician noticed an anemia 
improved by iron therapy. At the age of 9 
years and 9 months his appetite became poor 
and the boy was restless during the night. 
He had no pains and no other pathological 
signs. On admission to hospital on Dee. 12th, 
1957, the boy appeared pale; the liver was 
palpable about 2 em below the arcus and 
the spleen was enormous, reaching the crista 
iliaca at its lowest point. Laboratory fiid- 
ings: Hb 7.6 ¢%, RBC 2.6 mill., retic: lo- 
3.0%, platelets 268,000. The se di- 


rate m:n). 


cytes 
mentation was accelerated (35 
There were 336,000 white cells: blast. ¢ ‘Ils 
baso.) 3, my: lo. 


(eos. and baso.) 4, metamyelo. 15, st. 2: .9, 


3, promyelo. (eos. and 


seg. 37.5, eos. 4.5, baso. 6, lympho. 6, mo 10. 
9.5. Nucleated red cells 4 per 200 white cc Is. 
The bone-marrow punctate showed a pict -re 
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of all symptoms. The spleen was reduced 
to an almost normal size, the hemoglobin 
rose to 9.6 ¢%, the leucocytosis decreased 
to a value of 41,700 with absence of blast- 
cells. During the following months the white 
cells continued to decrease without treat- 
ment and the boy was in excellent condition. 
He was checked regularly at the out-patient 
department of the clinic. 

The further course is evident from Fig. 2. 
A striking feature in the repeated blood 
examination was the extremely high number 
of thrombocytes (highest value 1,952,000 on 
July 4th, 1958, 7 months after X-ray treat- 
ment). In spite of the absence of clinical 
symptoms, treatment with Myleran was 
begun in June 1958. During a short period 
in the spring of 1958 the boy had quite 
nose-bleedings, which were cured 
by local The 
resulted in an anemia (Hb 8.4 2%) which 
was treated successfully by iron therapy. 
At the age of 114 years (in Nov. 1959) the 
patient had an acute infection of the upper 


abundant 


cauterization. nose- bleeding 


respiratory tract, followed by pains due to an 
infiltration on the left thigh. He was then 
again admitted to hospital for X-ray treat- 
ment of the infiltration. On admission a 
striking hyperpigmentation on the abdomen 
and the genico-anal region was _ noticed. 
During the following months the general 
condition was somewhat worse, the white 
cells were at a very low level and the anemia 
was more pronounced than usual. 

After a period of fairly good health the 
situation has again deteriorated in the sum- 
mer months of 1960. Following a painful 
swelling of the right elbow region the boy 
was hospitalized again on Sept. 12th, 1960. 
On admission the following values were 
obtained: RBC 3.1 mill., WBC 9600 (blast- 
cells 6.5, promyelo. 1, myelo. 2, meta. 7.5, 
st. 23, seg. 47, eos. 3, baseo. 3, lympho. 4.5, 
mono. 2.5), nucleated red cells 6 per 100 
WBC, thrombocytes 70,000. Bone-marrow 
aspiration gave dry tap in the sternum but 
was successful in the iliae crest. The number 
of nucleated cells in the marrow was very low 
without signs of myeloblastic proliferation. 
These features together with the occurrence 


of a considerable number of normoblast . in 
the blood and X-ray signs of sclerotic cha: ges 
in the bones may be indicative of supery en- 


ing myelofibrosis. 


Comment. This boy was about 10 vears 
old when the disease was established. |or 
two years previously a tendency to react 
to traumata with hematomas had_ been 
observed. At the first investigation the 
thrombocyte level was normal. It later 
rose over a long period to values much 
above normal, such as have been observed 
in many adult cases. The B,, value at the 
time of the first examination was 7300 
ug/ml. X-ray therapy of the spleen 
showed excellent results on repeated 
occasions. Similarly, X-ray therapy sup- 
pressed a local reaction and pain in one 
leg, rapidly and for a long period. Myleran 
has been given for a period of 28 months, 
and in doses of 1.0—1.5 (2.0) mg, and has 
exhibited good effects as maintenance 
therapy. This patient, the only one still 
alive, has during the last few months 
developed signs, which may be indicative 
of myelofibrosis. 


Case 5. A boy, born June 4th, 1944, third 
child in a healthy family. As an infant 
operated on for intussusception but other- 
wise always in good health. At the age of 
7 years he had some periods with moderate 
fever without any plausible cause, sometimes 
accompanied by transitory arthralgia. ‘The 
physician observed only a slight enlarge- 
ment of the lymph glands of the neck. in 
the axillae, and the cubitae. Liver and sp!:en 
were just palpable. There were 54° |\m- 


0 
0 


phocytes (a few of which atypical), and 65 
plasma cells in the blood picture. J’aul 
Bunnel test neg. One year later recurrenc: of 
slight fever of unexplained origin and in ‘he 
blood a number of atypical cells such as 
occur in morec ver 


an eosinophilia of 15%. 
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In the autumn of 1955 (at the age of 114 
years) the boy felt tired, decreased in weight 
and complained of abdominal pains. On one 
occasion he also had a profuse nose-bleeding. 
In the beginning of November he noticed 
sma!| painless infiltrations in the skin of the 
extremities and large hematomas began to 
appear after insignificant traumata. He was 
admitted to the department of pediatrics 
at the University Hospital, Uppsala, on Nov. 
lith, 
vealed a generalized swelling of the lymph 


1955. The physical examination re- 


nodes, and an enlargement of the spleen 
which reached the umbilicus at its lower edge 
and was firm and painless. Examination of the 
blood showed an anemia (Hb 8.6 2%) and 
a WBC count of 251,000. Differential count: 
blast-cells 1, promyelo. 1.5, myelo. 15, meta. 
19.5, st. 20.5, seg. 26, eos. 5, baso. 3, lympho. 
6, mono. 2.5. Moreover 2 nucleated red cells 
per 200 white cells. Thrombocytes 63,000. 
Sedimentation rate 37 mm. B,,.-concentra- 
tion in the serum 9500 wug/ml. 

During November and December 1955 the 
patient was treated X-rays 
resulted in a leucopenia (WBC 2180) and 
thrombocytopenia (25,000), while the hemo- 


with which 


globin concentration increased to values 
above 10 g%. The spleen decreased rapidly in 
size and was no longer palpable at the end 
of January 1956, by which time the general 
condition had become excellent. The By.- 
concentration in the serum had fallen to 
460 ug/ml. During the following months 
the number of white cells increased gradu- 
ally. more immature elements appeared in 
the peripheral blood, and the boy complained 
of abdominal pains. But in spite of this 
relapse the hemoglobin values continued to 
rise ip to 14 g % and the thrombocytes up to 
140.000. On April 4th a course of Coleemid 
was begun, but in spite of high dosage (up to 
Sime pro die) the WBC count continued to 
increase (above 100,000 in the beginning of 
June 1956), and the spleen was palpable 
agai. A new series of X-ray treatments was 
ther: fore administered. After this series the 
boy was given Myleran for about 1 month, 
and finally a normalisation of the blood 


pict. re was obtained. A further relapse in 


September 1956 responded but not suffi- 


ciently well to prolonged therapy with 
Myleran. Two further X-ray tratments in 
April and June 1957 resulted in a fall of the 
WBC count to values between 10,000 and 
20,000, but with as much as 20% blast-cells. 
Purinethol was therefore given for 1 month. 
Because of a rapid rise in the WBC count in 
spite of this medication, the therapy was 
Myleran 
Already before this period the boy had 


changed, and prescribed again. 
complained of pain in the left knee and thigh 
and roentgenological examination revealed 
a periostal reaction. After a short remission 
rapid deterioration again ensued with in- 
tense pains in the extremities, only tem- 
porarily allayed by X-ray irradiation. The 
general condition grew gradually worse in 
the autumn of 1957. As a result of therapy 
with Myleran and Purinethol, the white 
cell values fell to below 1000, and there were 
more than 50% _ blast-cells. Other signs of 
bone-marrow aplasia appeared in the form 
of progressing anemia and_ thrombocyto- 
penia in spite of repeated blood transfusions. 
The intense pains required high doses of 
morphine derivatives. The boy died on 
November 24th, 1957, 2,5 years after the 
diagnosis of chronic granulocytic leukemia 
1ad been made. Autopsy was not performed. 


this which 


diagnosed at the age of 11} years, the 


Comment. In case, was 
disease picture bears more resemblance to 
that of the adult. The onset was insidious, 
with vague prodromal symptoms. On two 
occasions, 44 and 3} years respectively 
before the diagnosis was made, blood tests 
had been performed for suspected virus in- 
fections, possibly mononucleosis. On the 
first occasion a slight lymphadenosis and 
a just palpable spleen had been noted. The 
differential 


showed a plasma cell increase (6.5%), and 


count on the first occasion 


on the second occasion a marked eosino- 
philia (15%) and in both cases a number 


of “atypical lymphocytes”. 
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TABLE 3. Some hematological findings in case 5. 


Age, Plate- 


years Hbg% lets WBC 


Blast. Promyelo. Myelo. 


Meta. St. Seg. Eos. Baso. Lympho. Mono. Ilasn 


8.6 63,000251,000 1 1.5 15 
1135 10.3 346,000 21,100 — 6.5 
1145 10.5 25,000 2,180 

11,3 14.0 137,000 18,800 — 4 
12 11.8 133,000 105,700 0.5 11 
235 11.5 160,000 3,200 


1335 8.0 119,000 17,700 
10.3 317,000 106,500 5.5 3.5 
13; 6.6 10,000 300 

1375 7.0 43,000 17,200 53 


19.5 2 
8.5 1 4.5 3 
0.5 615 3.5 1 13.5 17.5 ~ 
3.5 61.5 0.5 3.0 10.5 9.5 
17 36 l 1.5 2.5 2.5 - 
- 69 45 2 11 1] 
17 14 _ 2 - - 
20 14 10 16.5 
3 2 4.5 — 0.5 9.5 1.5 


The 


after trauma revealed the disease. X-ray 


appearance of large hematomas 
therapy to the spleen produced in this 
case also a very effective, and at first a 
long-lasting result. The B,, value in the 
serum was initially very high (9500 “ug/ml) 
but fell to a value within normal limits 
(400 ug/ml) during successful therapy. 
Similar changes in the remission period 
have been described previously for adults 
(Mollin & Ross, 1955). During the further 
course of the disease Myleran was ad- 
ministered in doses of 1-2 (6) mg and for 
a total period of 13 months. The effect 
was favourable, but could not be compared 
with X-ray therapy as regards the in- 
fluence on the spleen and blood picture. 
Colcemid did not show any definite effect, 
and the result of Purinethol treatment in 


the terminal blast stage was uncertain. 


Discussion 
The largest material of chronic granulo- 
cytic leukemia in children so far presented 
is that by Cooke (1953), comprising 15 


cases in all. This material was collected 


before Myleran therapy was introduced 


in the clinic. Otherwise some smaller 
series of cases (Gasser, 1946; Gilly & Cer- 
main, 1958; Vignetti & Felici, 1959) and a 
considerable number of single observa- 
1951; 


Fox & Hunter, 1954) have been published. 


tions (eg. Andersen & Kringelbach, 


The cases presented in this paper, all- 
though limited in number, illustrate well 
some of the special features related to 
childhood age and in addition give the 
results of B,. analysis of the serum and 
notes on the effect of Myleran therapy. 
Only exceptionally have these aspects 
been commented upon in earlier observa- 
tions dealing with chronic granulocytic 
leukemia of childhood. 


Frequency 

The population immediately served by 
the pediatric department in Uppsala is 
roughly 200,000. In addition cases re 
transferred from pediatric department: in 
other parts of the country, especially frm 
the northern regions. The distribution of 
leukemia cases with regard to the typc of 


the disease and the place of residence of 
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Tapie 4. Leukemia in the age group 0-15 years. Department of Pediatrics, Uppsala, 
1950-59. 


Uppsala Other 
Type area areas Total 
Acute 9 12 21 
Chronic granulocytic 3 ] 4° 
Chronie lymphocytic 0 0 0 


* (ase 3, which was observed by the senior author when he was still attached to the Nortull Hos- 


pital, Stockholm, is not included in this table. 


the child for the 10-year period 1950-59 
may be seen in the following table. 

The proportion for chronic granulocytic 
leukemia in this material is considerably 
higher than the figure of ca. 5 % mentioned 
above. In view of the small number of 
cases, however, this may be simply due to 


random variations. 


Clinical Picture 

Onset. The signs which caused the first 
visit to a doctor were varying: recurrent 
infections (Nos. 1 and 3), large abdomen 
(No. 2), and tendency to hematomas (Nos. 
4and 5). It is reasonable to assume that 
the disease existed a considerable time 
before medical advice was first sought. 
Four out of five children showed pro- 
nounced clinical signs and laboratory find- 
ings already at the first medical examina- 


tion. 


One of the children (No. 5) had been 
examined several times for other reasons 
before the leukemia picture became evi- 
dent. Blood investigations, also ineluding 
differential counts, had been carried out, 
42,, 3 and 23, years before the establish- 
ment of the disease. The results were as 
shown in Table 5. 

Symptomatology. The basic features are 
the same as in adults, i.e. tiredness, loss 
of weight, abdominal discomfort from the 
often considerable splenic enlargement, 
hemorrhagic manifestations and later on 
rheumatic pains and fever of unexplained 
origin. 

Certain particular observations in this 
material are worthy of mention. In the 
small children (Nos. 1 and 3 especially), 
there was an increased susceptibility to 
acute infections. There also seemed to be 
in these children a more 


very young 


TABLE 5. Hematological data, obtained before manification of discase in case +. 


Patho- 
Age. logical 
vears Hb g% WBC cells St. Seg. Baso. Lympho. Mono. Plasma 
Tis 13.0 6,500 — 1.5 44 2 1.5 44° 6.5 6.5 
8; 12.4 7,400 5 40 12 2 36° 5° 
97: 4,500 15 
8.6 251,000 37 26 5 3 6 2.5 


few “atypial’’. 
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pronounced tendency to thrombocyto- 
penia and purpura, even during periods 
of adequate treatment. 

Lymphadenopathy is rarely seen in 
adult cases, except perhaps for the ter- 
minal phase. In several of our patients 
(Nos. 1 and 3, with very early onset, and 
No. 5) a generalized swelling of the lymph 
glands was observed, and in the young 
children there was also at times an in- 
crease of the absolute numbers of lympho- 
cytes. This might to some extent be an 
“age specific’ mode of reaction. One of 
the children (No. 4) has shown a gradually 
increasing, dull brownish-grey pigmenta- 
tion. It is possible that this is connected 
with the Myleran therapy, in association 
with which similar pigmentation has been 
described previously (Wilkinson & Turner, 
1959). During the course of the disease the 
two older children (Nos. 4 and 5) exhibited 
very painful local reactions in the extremi- 
ties with swelling and tenderness, only to 
a certain degree reflecting definite changes 
in the bony structures visible on X-ray. 
These symptoms were alleviated by X-ray 
therapy. 

Laboratory findings. The blood and bone- 
marrow pictures were essentially those well 
known in adults. The values for basophiles, 


usually raised to 2-5% in adults were 
found increased more regularly in cases 
4 and 5, sporadically in cases 1 and 2. 
Kosinophilia, in itself more difficult to 
evaluate with respect to origin was found 
continuously or periodically in all cases. 
The thrombocyte values were low before 
the commencement of therapy in at least 
two of the cases (Nos. 1 and 5), and the 
tendency to thrombocytopenia during 
treatment was seemingly more pronounced 


than in adults. 


By, analysis in the serum was carried ut 
in 4 of the children. As has been simil :rly 
observed in adults (Mollin & Ross, 15: 
the values were greatly raised, i.e. be- 
tween 4000 and 9500 ug/ml, comp: red 
with normal variations in children and 
adolescents of between ca. 300 and 1!300 
ug/ml (Killander, 1957). In adults ab- 
normally high B,, values have been ob- 
served in cases of acute leukemia but in the 
pediatric age group this was not found in 
a group of 14 cases (Killander, 156). 
And in other diseases, e.g. infections. such 
high B,, values as are here under discus- 
sion, have not been observed. After suc- 
cessful therapy a decrease to values within 
normal variations was noted in the two 
eases (Nos. 2 and 5) in which a second 
analysis was performed. 

Course. The duration from the first visit 
to a doctor until death varied in the three 
patients with a very early onset (Nos. |. 2 
and 3) between 1; and 3}; years, and for 
patient No. 5 with a late onset it was 
2} years. Patient No. 4 is still alive after 
2°, years. In comparison it may be men- 
tioned that in a material from all age 
groups, collected by Tivey (1954) and com- 
prising 1090 patients, the mean survival 
period from “‘onset”’ to death was 2.70) 
years. The frequency of cases with a 
course of 5 years or longer in this material 
was 22%. In Case 4, still alive, the deve- 
lopment during the last few months may 
be indicative of myelofibrosis. Suci a 
profound disturbance of bone-mairow 
function has been observed as a late e ent 
in adult cases, before as well as afte: the 
introduction of Myleran therapy (cf. 
1958) 


more common than is generally real ed. 


Dameshek & Gunz, and may be 
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Therapy 


The methods of treatment most used for 


adults today (ef. Wilkinson & Turner, 
1959) are Myleran and X-ray therapy. In 
resistant cases TEM and P*? may be worth 
trying. and in the final phase purine or 
folic acid antagonists. 

Only a few cases of chronic granulocytic 
leukemia in childhood treated by Myleran 
have been reported, since this method of 
1953. 
In our cases Myleran was administered 


treatment was first introduced in 


for shorter or longer periods in four of the 
five cases. In the two older children the 
effect was striking, and at least in Case 4 
fully comparable with that usually seen in 
adults. It cannot be excluded, though, 
that the myelofibrosis now probably pre- 
sent may have something to do with the 
treatment which in this case has included 
continuous Myleran medication over very 
long time (cf. Fig. 2). In the two small 
children the drug was tested for too short a 
time to permit a final evaluation, but the 
impression was that the desired selective 
effect on the granulocytopoiesis and the 
adverse tendency to pancytopenia were 
difficult to balance. X-ray therapy, on the 
other hand, gave good results, even if 
complete control of the hepato-spleno- 
megaly could not be obtained in the small 
children without administering doses 
which exposed the child to the risk of a too 
intensive effect on the bone marrow. 

It is of interest to note how many of the 
chiléren had remissions of such a kind 
that they could be regarded, according to 
adul’ standards, as completely satis- 
factory. A remission in chronic granulo- 
cyti leukemia seldom means a complete 
of the blood 


pictures, such as is nowadays 


norr alization and_ bone- 


mar ow 


frequently observed in acute childhood 
leukemia. Experience from adult medicine 
shows that the general condition of the 
patient with chronic granulocytic leu- 
kemia is often better and the risk of “‘ex- 
cess’ reactions of an aplastic type less, if 
a leucocyte value of 20-30,000 or even 
more in the peripheral blood is accepted, 
providing the cells are composed essen- 
tially of mature elements, the hemoglobin 
and thrombocyte values are not below 
the lower normal limit, and the spleen 
does not show more than at most slight 
enlargement. If the therapy results in our 
five cases are regarded on this basis, the 
conclusion is as follows. 

All cases reacted favourably to the 
therapy at first. The effect of X-rays on 
the spleen is as a rule quickly established, 
and very striking. The two older children 
(No. 4 and 5) showed during both X-ray 
and Myleran treatment long-lasting, com- 
pletely satisfactory remissions. Of the 
whole course of the disease, 29 and 12 
months respectively can be noted as 
Of the 


children (Nos. 1, 2 and 3), not one showed 


“quiet” periods. three infant 
a completely satisfactory remission. The 
leucocyte figures were sometimes. satis- 
factorily lowered, while the anemia was 
never completely cured, and thrombo- 
cytopenia persisted most of the time. There 
was never more than partial disappearance 
of the splenic enlargement in any of these 
children even for a short time. 

Two of the children were given Coleemid 
for a period. It was quite obvious that its 
effect was inferior to that of Myleran. 

If any conclusions can be made as re- 
gards therapy from this very limited 
material, they are that in the older children 
the situation is similar to that in adults, i.e. 
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that both Myleran and X-ray therapy are 
two very valuable means of treatment. In 
the infants, the Myleran effect is probably 
more difficult to balance, while X-ray 
therapy has, in these cases also, a satis- 
factory effect. 

As regards acute leukemia in children, 
there is no doubt that modern methods of 
treatment give rise to a decided, often very 
considerable lengthening of the course of 
the disease. In chronic granulocytic leu- 
kemia, irrespective of the age of the 
patient, it is doubtful whether the therapy 
lengthens the life expectancy (Wilkinson 
& Turner, 1959), but it does help the 
patient to a more tolerable existence, with 
longer periods of well-being before the 
commencement of the inevitable, perhaps 


precipitated terminal phase. 


Summary 


1. Five cases of chronic granulocytic 
leukemia in children are reported. Three 
of the cases were diagnosed during the 
first year of life, and the two others at 


9% and 11} years respectively. 


2. The clinical picture in the « Ider 
children was similar to that foun: in 
The 


pronounced tendency to infection an! an 


adults. young children l a 
increased tendency to thrombocytoy enia 
and purpura. 

3. B,. analysis in the serum of untreated 
cases showed the same greatly raised 
values as have been observed in adults. 

4. The therapy results showed a fav our- 
able response to Myleran for the older 
children, but for the small children its 
effect was unsatisfactory. X-ray therapy 
was beneficial for splenic enlargement, 
leukocytosis and also for local infiltrations 
and pains, regardless of the age of the 


child. 
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From the Departments of Surgery, Psychiatry, Medicine and Roentgenology, Pedi:.tric 
Clinic of Karolinska Institutet, Karolinska Sjukhuset, Stockholm 


Surgical Treatment of Ulcerative Colitis in Children 


by TH. EHRENPREIS, N. O. ERICSSON, L. BILLING!, 
R. LAGERCRANTZ and U. RUDHE 


During the past few years, increasing 
interest has become focused on the treat- 
ment of ulcerative colitis. The reasons are 
evident, i.e., both medical and surgical 
therapy have become more active, and 
have led to more satisfactory results than 
better 
knowledge and management of the water 


earlier. This can be ascribed to 


and electrolyte balance, the introduction 


of steroid hormones, and more radical 


surgical measures. 


Discussions between physicians and 
surgeons regarding the indications for 


surgical intervention have led to much 
controversy. Thus, some authorities main- 
tain that only 5 to 10 per cent of patients 
with ulcerative colitis should be operated 
on (5,17), whereas others give figures 
between 20 and 40 per cent (1, 4, 23). The 
present situation has, in fact, been summed 
up adequately by the following statement 
in the Lancet, in a review of the Inter- 
national 
(London 1956): * 
of high controversy, during which speakers 


Congress on Gastroenterology 


. (it) ended on a note 


of international repute presented con- 
vincing but nevertheless entirely conflict- 
ing views’. 

As a rule, ulcerative colitis has been 
treated more conservatively in children 


1 Clinical psychologist. 


than in adults (13, 16, 37) and few reports 
are found on the surgical treatment of 
patients in the pediatric age groups (12. 
16, 20, 25). One of us (R. L.) has earlier 
given accounts of the medical aspects of 
the disease in the young (9, 19, 20, 21, 33). 
The long-term prognosis was found to be 
unsatisfactory in many cases, and_ the 
incidence of cancer was high. An increasing 
number of our patients have subsequently 
been operated on. A report is given in the 
following of our experience in surgical 
treatment of 23 children and adolescents 
with ulcerative colitis. On this basis. our 
discussion is devoted chiefly to the ques- 
tion of whether operation should be per- 
formed on children with this disease and, 
if so, when and what is the method of 


choice. 
Case Material 


During the past 9 years, 106 patients with 
ulcerative colitis have been admitted to the 
Pediatric Clinic, Karolinska Sjukhuset. © per- 
ation was performed on 23 of them: 9 uirls 
and 14 boys (Tables 1 & 2). Their age at the 
onset of the disease ranged from 3 t. 15 

its 


years; in only 5 cases did the disease mal 
appearance before 7 years of age. ‘I ies 
tables also show the duration of the di-:ase 
before operation; it varied from 3 mont’ s to 
13 years. 

All the patients had classical sympt: ms, 
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WEIGHT 
KG | 
90 = 

70 
50 : 
40 = 
20 | | 
{00 110. 120 130 140 160 160 170 180 190 CM 
HEIGHT 


Fig. |. Patients’ weight in relation to height and 

in comparison to normal variations. M —mean 

of normal. Broken lines = girls when differing 

from boys. (KARLBERG & IccBom: Acta Pediat 
48, Suppl. 117, 1959). 


ie., frequent bloody diarrhoea, often at 
night, weight loss and anemia. Fig. 1 shows 
the patients’ weight before operation in rela- 
tion to height, as well as in comparison to the 
range. In three cases (Nos. 2, 8 & 
20), the height was below the normal varia- 
The 


and/or other extracolonic manifestations is 


normal 


tion (+2.50). presence of anemia 
recorded in Table 3. 

Repeated fecal cultures for specific organ- 
isms, such as Salmonella, Shigella and 
dysentery bacilli, were negative. In every 
case, proctoscopy disclosed signs of proctitis, 


ranging in severity from slight changes, 


813 


consisting of swelling and reddening of the 
mucosa, to granulation and ulcerations (vide 
infra and Tables 1 & 2). 

All the patients underwent one or several 
roentgenologic examinations with barium 
enema. Pathologic changes in all segments 
of the colon were demonstrated in every 
ase. The changes were fairly evenly distri- 
buted cases, 
whereas they were most prominent in the 


over the whole colon in 16 


transverse and left part of the colon in the 
other 7. No fistulas from the colon to adja- 
cent organs were visualized. Reflux of the 
contrast medium from the colon to the di- 


lated terminal ileum, through a deficient 


ileocaecal valve of abnormal appearance, 
occurred in 14 cases. Signs of rectal involve- 
ment were present in 13 cases. A more de- 
tailed account of the rectal changes from the 
roentgenologic point of view is given else- 
where in this journal by one of us (U. R.). 

In 7 patients (Table 1), the disease had an 
acute progressive course, with severe im- 
pairment of general condition, high fever, 
serious anemia and marked weight loss. 
Four of them (Nos. 10, 13, 19 & 20) pre- 
sented a severe toxic state and roentgenol- 
ogic signs of impending perforation. Scout 
films of the abdomen showed marked dilata- 
tion of the colon, particularly of the trans- 
verse colon and sigmoid (Figs. 2 & 3), as well 
as free fluid in the abdomen in a few of them. 
Multiple gas-filled ulcers——evidently submu- 
cous or penetrating into deeper layers of the 


TaBLE 3. Extracolonic manifestations. 


Before operation After operation 


Arthralgia, hydrops 
Erythema nodosum 
Stomatitis 
Anemia 

(hemoglobin < 9 g per 100 ml) 
Erythrocyturia 

(Addis count > 4 mill/12 hours) 
Liver damage 

(see reference no. 21) 
Eosinophilia 

(chamber eosinophil count > 300/mm*) 
Raised gamma globulin 

(= 1.3 g per 100 ml) 


7 l 
10 1? 
4 
22/23° 0/23° 
4/18° 0/16° 
3 0 
12/20° 2/15? 
18/20° 8/18? 


* Before protectomy. 


Number positive number investigated. 
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Fig. 2. 
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Fig. 3. 


Fig. 2. Case 19. A roentgenogram of the abdomen shows distension of the ascending and transverse 

colon and the sigmoid. Similar changes, although less marked, are present in the distal descending 

colon. The haustral plicae of the colon are partly preserved. Ulcerations of the descending colon 
are visible. 


Fig. 3. Case 10. A roentgenogram of the abdomen discloses a distended sigmoid colon, as well as 


dilated small-bowel loops and an_ increased 
distended 
wall and undermining the mucosa—were 


visualized at roentgenologic examination in 
Cases 10, 12, 15 & 19 (Fig. 4). 

The disease was primarily acute, with a 
duration from 3 to 7 months, in five patients 
in this group. In the remaining two listed in 
Table 2 (Nos. 10 & 13), the 
represented an exacerbation of a 


acute stage 
more 
chronic course, lasting for one and 24 years, 
respectively. 

In 16 cases (Table 2), the course was 
chronic and intermittent. Its duration ranged 
from 2 to 13 years, with repeated exacerba- 
tions and more or less complete, long remis- 
sions, maximally 6 years. In 9 patients, the 
course was markedly progressive. 

All patients with chronic disease were 
partly or completely disabled for long pe- 
riods. During lengthy exacerbations they 
were tired, often depressed, and were never 


by gas, are seen in 


amount of intraperitoneal fluid. Deep ulcers, 
the sigmoid. 


able to be far froma lavatory. Asaresult, they 
could not, for example, mix freely with their 
comrades or join in sports. In all but two 
cases, their disease necessitated absence from 
school to such an extent that they had to 
repeat one or more classes. One girl (Case 9) 
was hospitalized 18 times, and the other 
patients from 5 to 11 times. The menarche 
had not yet appeared in two girls age: 15 
and 16, respectively. In five cases (Nos. |, 
3, 16, 22 & 23), the disease was of shortel 
duration (2 to 5 years); the manifesta‘ ions 
were more pronounced and continuous, and 
the disability more severe. 

At roentgenologic examination short]: be- 
fore operation, the distensibility of the « »lon 
was often decreased in cases with a sl wl) 
progressive or chronically remittent corse. 
This feature was marked in five cases. and 
moderately pronounced in two. The red ced 
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Fig. 4. 


Fig. 5. 


capacity was reflected in shortening of the 
colon, with a varying degree of retraction of 
its flexures and a decrease in its transverse 
diameter. In several of these cases, thicken- 
ing of the colonic wall was visible on the 
Strictures demon- 
strated in four cases; in two (Nos. 2 & 7) they 
were multiple (Fig. 5), and in two (Nos. 1 & 
11) isolated. 

A» investigation of all the patients was 
mad» by our team of child psychiatrists 
(Ph. sician-in-Chief: Dr. E. B. Nordlund). In 
no cise did it disclose any psychologic fac- 


roent genogram. were 


tors -onsidered to be of etiologic importance 


Int e patient’s disease. 
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Fig. 5. 


Case 10. At barium enema examination, deep ulcerations of the descending colon are 
visible. 

Case 2. Shortened colon with retracted flexures and reduced distensibility. Strictures 

are present in the right flexure, descending colon, sigmoid and rectum. Complete loss of haustra. 

The surface pattern is irregular. In the original film, thickening of the colonic wall ean be 

discerned. 


Morbid Anatomy 
Gross 


Signs of peritoneal irritation were a com- 
mon finding at laparotomy, especially in 
the acute cases. Thus, an increased amount 
of turbid fluid was present in 6 out of 7 
acute cases, as compared to 5 of 16 chronic 
cases. A network of small vessels covering 
the serous surface of the diseased part of the 
bowel was a fairly constant finding. The 
colon was contracted, i.e., shortened and 
thickened. Pericolitis was present in all the 
acute cases, and in 10 of the 16 chronic ones. 
Widespread, marked enlargement of lymph 
nodes in the mesentery, mesocolon and mes- 
a characteristic feature. The 
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Fig. 6. Weight gain during the first 6 months after operation. 


external lesions were, however, moderate in 
comparison to the internal ones in the ex- 
cised part of the bowel. All the specimens 
presented the typical gross lesions, in the 
form of ulcers and more or less extensive 
mucosal atrophy or loss, with granulations 
and, in 11 cases, pseudopolyposis. 

The length of colon involved was found to 
be in agreement with the roentgenologic 
observations. In all but one patient (No. 15) 
the distal ileum showed slight or moderate 
hyperemia, and_ infiltration extending for 
maximally 50 em. 

Every excised specimen was sectioned, 
and submitted to a thorough microscopic 
examination. The histologic changes were of 
the type usually seen in ulcerative colitis, 
consisting of non-specific inflammation and 
ulcers. No signs of specific inflammation or 
malignancy were observed. Neither periarte- 
ritis, fibroid necrosis, giant cells nor epithe- 
lioid cells were present. 

The degree of rectal involvement can be 
inferred from Tables 1 & 2. No fistula was 


present in any of the cases. 


Medical Treatment 


Initially, all the patients were treated 
medically, whenever possible as out-patients. 
Diarrhoea was not, per se, regarded as an 
indication for bed-rest. The patients were 
allowed to attend school, and encouraged to 
take part in other activities up to the limit of 


their capacity. Most of them were given a 
mixed, appetizing diet with a high protein 
content, and composed with regard to indi- 
vidual idiosyncrasies. All were treated with 
salicylazosulphapyridine (Azulfidine, Phar- 
macia) for long periods. In addition, all but 
three (Nos. 2, 3 & 21) were given ACTH or 
adrenocortical steroids, parenterally and/or 
by mouth, but in some cases as a rectal drip 
as well. One patient (No. 2) 
psychiatric treatment, in the form of psycho- 


was under 


analysis, for 3 years; the others were given 
supportive psychotherapy, as a rule by the 
pediatrician in charge. Blood transfusions 
and/or iron medication were given in every 
case. Apart from the 7 acute cases, all the 
patients under medical treatment showed 
some degree of improvement during a vary- 
ing period. 

The indications for operation can be in- 
ferred from the aforegoing account of the 


case material and from Tables 1 & 2. 


Surgical Treatment 
Preoperative Treatment 
Severe anemia and disturbances in f!11id 
and electrolyte balance were correc‘ ed. 
This treatment was continued during « nd 
after operation. In the chronic cases in 
which corticosteroids were administe: od. 
operation was postponed for at leas a 
month after discontinuing therapy. In_ he 
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acute cases, the dose was increased in 
connexion with operation, after which 
therapy was gradually discontinued. Colo- 
nic irrigations were not given preopera- 
tively, nor was the intake of solids or 
fluids restricted for any lengthy period. 
Terramycin was administered to all the 
patients for 2 days before operation, as 
well as 2-3 days after it. 


Surgical Technique 
Total colectomy and ileostomy in one 
stage were performed in 13 cases (Nos. 
1-5, 8, 10, 11, 16, 18 & 20-22). 
them (Nos. 5, 16, 18, 21 & 22), excision of 


the rectum was done at the same time. 


In 5 of 


[leostomy was performed according to the 
principles reeommended by Lahey (22) and 
Brooke (7). 

In the remaining 10 cases (Nos. 6, 7, 9, 
12-15, 17, 19 & 23). operation consisted 
of total colectomy with ileorectal anasto- 
mosis, in the first 3 cases with a temporary 
defunctioning ileostomy according to Ay- 
lett (2) and in the others without it. 

Our choice of surgical technique was 
based on the state of the rectum as shown 
by proectoscopy, barium enema and lapa- 
rotomy findings. 

In the 10 cases in which the rectal lesions 
were mild, an ileorectal anastomosis was 
created, whereas primary excision of the 
rectum was performed when the lesions 
were severe. Finally, when the lesions of 
the rectum were of moderate degree, it 
was spared for possible future closure of 
the ileostomy, and restoration of bowel 
con inuity by ileorectal anastomosis. 


Postoperative Course 
ie postoperative reaction was surpris- 


ing y mild in every case, including those 


in which emergency operation was _per- 
formed. Blood loss during operation, in- 
cluding estimated intracolonic blood, was 
amply substituted. A nasogastric tube was 
used routinely for decompression until 
bowel started. Fluid loss 
through the gastric tube, and later through 
the ileostomy or rectum, was measured 


movements 


and replaced by adequate electrolyte solu- 
tions. As a rule, the total losses were 
considerable and sometimes remarkable 
during the first postoperative week. With 
careful attention, no serious difficulties 
were, however, encountered in meeting 
the demands for adequate replacement. 

Apart from the complications listed 
below, convalescence was rapid and unev- 
entful. No death occurred in this series, 
and all the patients were discharged in 
good condition. 

The surgical complications which oc- 
curred are recorded in Tables 1 and 2, and 


can be summarized as follows: 


No. of 
cases 
Wound rupture 2 
Cicatricial hernia l 
Small-bowel obstruction 
Early 
Late 5 
Ileostomy dysfunction 5 


Intestinal obstruction due to adhesions 
developed early in two cases (Nos. 14 & 
23); 1.6%; 
respectively. In the other cases (Nos. 3, 4, 
6, 16 & 18), obstruction occurred later (in 
Case 18 twice), i.e., from 1 to 21 months 


after operation. In every case, obstruction 


after one week and two weeks, 


was relieved by laparotomy and lysis of 
adhesions. 

Ileostomy trouble appeared in 5 of 13 
cases. Two patients (Cases 2 & 18) had 
signs of obstruction, due to stricture of the 
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stoma. The symptoms subsided after revi- 
sion of the ileostomy. Perforation of the 
ileostomy occurred in two cases; revision 
of the ileostomy was done in one of them 
(Case 1). In the other (Case 4) secondary 
ileorectal anastomosis is planned for the 
near future, thus eliminating the ileostomy. 
Disturbing sounds came from the stoma 
in Case 5; at revision, subcutaneous dilata- 
tion of the terminal ileum was detected 
and removed. 

Additional surgery for treatment of the 
primary disease was required in two pa- 
tients (Cases 2 &3) in whom the rectum 
had been left in situ at primary colectomy 
with ileostomy, and in one (Case 13) after 
ileorectal anastomosis. In view of persist- 
ent or progressive proctitis, excision of 
the rectum was performed in all three 
patients. This was done 7 years, 10 months 
and 2 years, respectively, after the primary 


intervention. 
Follow-up Studies 


After operation, all the patients were 
kept under continuous observation, five 
for 4 to 8 years, twelve for 2 to 3 years, 
and two for 1 year; the remaining four 
were operated on about 6 months before 
the time of writing (Tables 1 & 2). 


Patients’ Appraisal of their condition 

The patients, as well as their parents, 
have considered the operation to have 
resulted in considerable, steady improve- 
ment. Strength, spirits, sleep and appetite 
have become much better. The patients 
have been able to manage their school 
work or job with far greater ease. They 
have joined in the same activities as their 
comrades; they play football and_ ice- 
hockey, go skiing and take part in gym- 
nastics and swimming. Most patients mix 


with their comrades to a greater ex ent 
than formerly. Most of the girls and s »me 
of the boys go dancing. The oldest fer .ale 
patient with a permanent ileostomy is iow 
22 years old, and has normal sexual rela- 
tions. 

The patients state that they can tolerate 
a much more varied diet than before oper- 
ation. Most of them eat the same food as 
the rest of the family. They emphasize the 
fact that they are no longer dependent on 
always being close to a lavatory. All the 
patients—including those with an_ ileos. 
tomy—definitely prefer their present con- 
dition to that before operation. They do 
not feel the ileostomy to be any serious 


drawback. 


Objective Appraisal of the Patients’ 
Condition 

All the patients are alive, and their 
general condition has improved. The gain 
in weight during the first 6 months after 
operation was considerable, and _ often 
dramatic, as can be inferred from Fig. 6. 
Their physical development subsequently 
became adjusted to normal proportions, 
and at follow-up examination all were 
within the normal range. 

Except in one case (No. 20), no anemia 
was present after operation. A delayed 
menarche occurred in two girls during the 
first year after operation, and their men- 
struation has been normal since then. All 
the patients have attended school or 
worked without undue absence. Extra: o- 
lonic manifestations have been infrequc it 
(Table 3).1 Eosinophilia and raised gamria 
globulin have been recorded in a few } a- 
tients, but only in those with the rectvm 


1 Arthritisin a girl with ileorectal anastomo: 's. 
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in situ, or with a perineal fistula after 
proctectomy (Table 3). 


Bowel Function 

Most of the patients with an ileostomy 
manage their bags themselves. They 
change the bag 2-4 times a day, and sel- 
dom during the night. The stools are gen- 
erally in the form of a thick fluid, some- 
times semi-solid, and have varied with the 
food eaten. Most patients prefer the stools 
to be slightly loose. As a rule, there has 
been no meteorism, smell, or bubbling in 
the stoma. Irritation of the skin has been 
prevented effectively by the use of oint- 
ments. 

The patients with an ileorectal anasto- 
mosis generally have from two to six bowel 
movements a day, and only rarely in the 
night. None of them have been incontinent 
or had an imperious need to defecate. The 
stools are usually semi-solid, of the con- 
sistency of porridge, but are sometimes 
formed, especially in the morning. 


State of Remaining Rectum 

In 2 of the 10 cases in which ileorectal 
anastomosis was performed (Tables | & 2), 
postoperative proctoscopy showed total 
regression of the slight lesions present 
Barium enema examination of 
these two patients (Cases 9 & 14) showed 
no pathologic rectal features either before 


earlier. 


or after operation. In four cases (Nos. 12, 
17, 19 & 23), follow-up proctoscopy dis- 
close'| persistent, slight or moderate proc- 
titis. although no changes were observed 
at ei her pre- or postoperative roentgenol- 
ogic -xamination. The remaining four pa- 
in this group (Cases 6, 7, 13 & 15) 
show-d slight or moderate progression of 


tient 


proc’ tis, both at proctoscopy and at 
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barium enema examination. In one of them 
(Case 13), perineal and vulvar abscesses 
and fistulas developed after operation, 
necessitating secondary proctectomy and 
ileostomy 2 years after the primary inter- 
vention. All the patients in this group have 
done well and have had no complaints, 
irrespective of the local conditions in the 
rectum observed at follow-up examination. 

Two (Cases 4 &11) of the 8 patients 
who underwent primary colectomy and 
ileostomy, the rectum being preserved, 
showed marked regression of proctitis 5 
and 2 years, respectively, after operation. 
(Nos. 1, 11 & 20), the 
degree of proctitis was relatively un- 
changed. In the remaining three cases 


In three cases 


(Nos. 2, 3&8), progressive changes oc- 
curred. At the time of writing, secondary 
proctectomy has been performed in two of 
them (Cases 2 & 3), 7 years and 10 months 
respectively, after the primary operation. 


Psychologic Studies 


A psychologic study of 13 patients was 
made by one of us (L.B.). In most cases 
it took place about | year after operation, 
but in a few cases not until about 4 years 
after it. The investigation consisted of 
interviews, as well as projective tests 
(TAT), the latter intended to uncover 
deep-seated traits. 

During the interviews, the boys were 
polite, outwardly easy to contact, anxious 
to please and to appear well-adjusted. 
Underlying this attitude they were, how- 
ever, characterized by insecurity, lack of 
initiative, depression, suspicion and a feel- 
ing of being misunderstood. They were 
unduly dependent and childish, and had 
an abnormally great need of support and 
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encouragement. They were unwilling to 
become involved emotionally, for fear of 
being disappointed. With respect to sexual 
relations, for example, they seemed to try 
to mask this attitude by a pretended lack 
of knowledge. They had little capacity for 
empathy. 

The girls were similarly docile and plea- 
sant. They frequently had a superficially 
optimistic attitude, which did not seem 
to be compatible with their underlying 
emotional experiences. They were never- 
theless better adjusted than the boys. 
Basically, they were less passive than the 
boys, although it was evident that their 
attitude to life was also cautiously expect- 
ant. Their vitality was fairly low, and 
they were uncommonly little aggressive 
or critical. They condemned aggressiveness 
as immoral. One 16-year-old girl (Case 14) 
with a relatively short preoperative history 
differed from the others, her current state 
being characterized by an explosive, unin- 
hibited puberty. 

The patients had relatively few contacts 
with their comrades but, in this respect 
as well, the girls were better adjusted than 
the boys. None of the patients had a tend- 
ency to isolate themselves, but they were 
seldom particularly active. 

Their attitude to sexual affairs was gen- 
erally cool and impersonal. All the boys 
except the oldest one (Case 6) denied hav- 
ing any interest in the opposite sex. As 
far as relations with their parents were 
concerned, they were characterized in the 
boys by antagonism to the father. This 
was sometimes so frustrating that it pre- 
vented normal contact and bonds with 
other people, such as the mother, friends 
and girls. The attitude of the girls to their 


mother was not as negative. 
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The emotional development and cw: rent 
emotional state were in good agreeient 
with the observations made in the pa. 
tients before operation, as well as in « ther 
patients with a long history of ulceritive 
colitis. 


Discussion 


Has surgery a place in the treatment oj 
ulcerative colitis in childhood? 

Unsatisfactory long-term results of medi- 
cal treatment in many of our patients 
motivated our introduction of surgical 
treatment in 1953. Gratifying results in 
our first patients, as well as accumulating 
evidence of low mortality and excellent 
results in adults, have encouraged us to 
widen our indications for surgery. 

We have operated on 23 out of a total 
106 patients with ulcerative colitis. Six of 
them were, however, referred to us for 
operation from other hospitals. The opera- 
tive rate in our own series therefore 
amounts to about 17 per cent. This rate is 
certainly compatible with recent figures in 
adult series, but is probably high for a 
series of children. We have been unable 
to find any reports of surgical treatment 
in large pediatric series.! 

The results of surgical treatment have 
been satisfactory in our series. Long: 
standing illness or an acute life-threatening 
condition has been replaced by a state of 
health and adaptation to normal life. 


Bowel function has become adequate. ac- 
companied by a conspicuous, rapid sain 
in weight and normalization of | ood 
values. Extracolonic manifestations, 


1 Following completion of this paper EF ‘att. 
Schlesinger & Benson published data in a: -ord 
with our findings (Quart J Med 29: 257, 1.60). 
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mon before operation, have been few and 
slight after it. The physician in our team 
(R.L.)—who has had numerous patients 
under continuous observation for many 
years—has been particularly impressed by 
the striking improvemeat in the surgical 
cases as compared to that in the medical 
ones. Although remissions are common in 
ulcerative colitis, they are rarely as com- 
plete. or of such long duration, as in 
the cases treated by surgery. It is true 
that postoperative complications were fre- 
quent, but they were transient and, so far, 
amenable to surgical correction. We are, 
however, fully aware of the short follow-up 
period in a number of our patients. 


Indications for Surgery 
On the basis of our present experience, 
we consider the indications for surgical 
treatment to be as follows: 


Absolute indications 

(1) Perforation or risk of perforation, 
stricture, profuse hemorrhage, can- 
cer. 

(2) Fulminating, life-threatening disease 
not promptly improved by medical 
treatment. 

Relative indications 

(3) Total disablement for more than 1 
year, despite medical treatment. 

(4) Partial disablement for more than 
5 years, despite medical treatment. 
Retarded development. Risk of can- 


cer, 


Ovinions are in agreement regarding the 
vali: ity of the absolute indications. It has 
beer shown by several investigations that 
roer_genologic examination is often of 
par? cular value in the acute, fulminating 
case~ (18, 24, 26, 27, 28, 30, 34, 40). Thus, 


when it shows a greatly distended colon 
with a thin wall, it provides an additional 
strong argument in favour of operation, 
since perforation must be regarded as im- 
minent. This was found to apply in our 
cases. 

We consider that surgical intervention 
should be considered in children and 
young adults who—despite medical treat- 
ment—have been totally disabled by 
their illness for more than a year. The indi- 
cations should obviously be stricter in the 
presence of milder disease, with less effect 
on the general condition and functional 
capacity. Some authorities maintain that 
80-90 per cent of patients with ulcerative 
colitis of this type are cured or improved 
by medical therapy (5, 17, 37). Others— 
especially surgeons—are of the opinion 
that many of these patients are nor suffi- 
ciently improved and, at any rate, not 
rehabilitated (1, 4, 7, 23, 32). We share 
the view that many patients with ulcera- 
tive colitis actually suffer more than 
either they themselves or their doctors are 
willing to admit. Many patients, in fact, 
dissimulate—as pointed out earlier by 
Alm & Ihre (1). 

Psychologic studies were made in only 
about half our patients, and could not be 
carried out as continuously as the other 
investigations. Moreover, the projective 
tests used have a limited validity (14). 
Consequently, any conclusions regarding 
the mental state of the patients in relation 
to operation must be drawn with caution. 
It is, however, noteworthy that we found 
most of the patients to be superficially 
well-adapted and harmonic, whereas un- 
derlying this they were characterized by 
emotional immaturity, lack of initiative, 
insecurity and an abnormally great need 
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of support and encouragement. Such a 
discrepancy between the superficial atti- 
tude and the deep-seated psychologic 
traits has been stressed as chaacteristic of 
patients with ulcerative colitis (10, 36). 
Our patients did not, on the other hand, 
exhibit any obsessive traits, which have 
been stated by other authors to be typical 
(10). Sexually, our patients seemed to be 
retarded. 

The 
seem to be less dependent on a traumatic 


characteristic personality traits 
experience or the patient’s current situa- 
tion (e.g. operation or ileostomy) than on 
the personality development prior to 
operation. It is, in fact, conceivable that 
the great effect on emotional development 
—which was common in our series—should 
be regarded as an additional indication 
for operation. Operation at an earlier 
stage might have led to normal matura- 
tion. 

Surgical treatment should be deliberated 
when the disease has been present for 5 
to 10 years, and medical therapy has been 
unable to prevent lengthy exacerbations 
and an unfavourable effect on the pa- 
tient’s general condition, growth and 
adjustment. If more than 10 years have 
elapsed since the onset, operation should 
be undertaken—even if the manifestations 
have not been so severe or constant— 
partly in view of the risk of cancer. 

It is our firm belief that indications for 
surgical treatment should be more liberal 
in children than in adults. This attitude is 
based on the following considerations. 

It is evident that the growing organism 
suffers more from a chronic disease than 
does the adult one. Signs of physical and 
retardation common in 


emotional were 


our series. Surgical treatment seems to 


offer the best possibility at present a ail. 
able for promoting normal developi:ent 
and adjustment. The risk of malignan: y— 
the most dreaded late complicatioi.—is 
greater when the disease has its onsct in 
childhood (12, 33, 39). In ulcerative coiitis, 
cancer may appear after many years’ 
remission, and is exceedingly difficult to 
diagnose and to treat successfully (4. 12. 
33). These dangers strengthen the relative 
indications for operation when the dura- 
tion of the disease has been long, i.e.. more 
than 10 years. 

The decisive arguments are, however, 
the degree of destructive lesions as seen 
in the excised specimens, as well as the 
dramatic improvement that has followed 
surgery. 


Choice of Operation 


Today, temporary ileostomy alone has 
been abandoned by most surgeons in the 
All evi- 
dence points to the necessity of more 


treatment of ulcerative colitis. 


radical procedures. It is obvious that 
radical excision of the entire diseased part 
of the bowel, with restoration of bowel 
continuity, is the ideal method of surgical 
treatment. Unfortunately, in most cases 
the extent of the pathologic process «loes 
not allow both these prerequisites to be 
fulfilled. Segmental colitis is rare, and the 
rectum is unanimously stated to be in- 
volved in 90-95 per cent of all cases. T/iese 
facts force the surgeon to renounce on» of 
his two ideal requirements—either 1 
cality or bowel continuity. The choic’ is 
not an easy one. Most surgeons with ex- 
perience in this field prefer radical exci ion 
(pancoloproctectomy) combined with 
manent ileostomy (4, 7, 11, 29). 
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A few authorities have insisted on resto- 
ration of bowel continuity, either by ileo- 
anal or ileorectal anastomosis. [leo-anal 
anastomosis has been done in relatively 
few cases of ulcerative colitis (6, 12, 31). 
The results have been disappointing, and 
today this procedure seems to have been 
abandoned even by Ravitch [Burt (8)]. 
Ileorectal anastomosis has, on the con- 
trary. been performed in large series, with 
surprisingly good results even in the pres- 
ence of severe proctitis. Aylett (2,3) has 
heen one of the foremost advocates of this 
procedure. In his personal series of 135 
cases, the overall mortality was 5.4 per 
cent. full rehabilitation being achieved in 
%) per cent of the patients. Aylett stated 
that regression and healing of proctitits 
were common after operation. Secondary 
excision of the rectum and ileostomy were 
necessary in only four cases. 

When dealing with the specific age 
groups of childhood and adolescence, the 
desire to preserve bowel continuity is 
naturally greater than in adult practice. 
Most parents and children have a strong 
prejudice against permanent ileostomy. 
This has not failed to influence our ap- 
proach to the problem. 

Our selection of surgical procedure has 
heen a compromise between radical exci- 
sion and preservation of bowel continuity. 
The fact that primary ileorectal anasto- 
mosis was performed in 10 of 23 cases 
(43.5 per cent) suggests that we have 
often compromised with radicality in our 
serics. At proctoscopy, all these patients 
had in fact, signs of slight or moderate 
pro‘itis. In 8 of these cases, no signs of 
rect «| however, ob- 


involvement were, 


ser’ dat roentgenologic examination. 


Thi indicated that the inflammatory le- 


sions were superficial, and helped us in 
selecting these cases for ileorectal anasto- 
mosis. The gratifying results so far seem 
to corroborate Aylett’s statement, i.e., 
they show that proctitis may subside after 
ileorectal anastomosis and, if it persists, 
has no major bearing on the patient’s 
well-being. Regular follow-up examina- 
tions by proctoscopy and barium enema 
are, however, mandatory in these patients, 
in view of the risk of malignancy. 

Total colectomy and ileostomy, with 
closure and preservation of the rectum, 
were performed in 8 cases. In these pa- 
tients, the degree of rectal involvement 
was considered to make them unsuitable 
for primary anastomosis, but not neces- 
sarily to rule out the possibility that the 
proctitis would heal after removal of the 
diseased colon. This decision has been 
justified in so far as marked regression of 
proctitis has occurred in two cases. Sec- 
ondary closure of the ileostomy and ileo- 
rectal anastomosis are being considered in 
these patients. In two cases, secondary 
proctectomy has already been done, and 
will probably be performed in the near 
future in the other four cases. 

In the long run, it seems inadvisable to 
leave the closed rectum in place. If im- 
provement or healing of proctitis occurs, 
bowel continuity should be re-established. 
If proctitis is progressive or persistent, the 
rectum should be removed, since it may 
become the site of a malignant process. 
An additional reason for proctectomy is 
the established fact that proctoscopy may 
be an extremely painful procedure in the 
presence of an inflamed and contracted 
rectum. These patients will soon omit at- 
tendance for regular follow-up examina- 
tions, and thus deprive themselves of the 
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possibility of early detection of a malig- 
nant growth. 

Primary pancoloproctectomy was per- 
formed in only 5 of our cases. The severity 
of rectal involvement was the reason for 
this choice. From the surgical point of 
view, there were clear-cut indications in 
these patients for removal of all diseased 
bowel, renouncing the desirable restora- 
tion of bowel continuity. The results in 
this group have amply justified the radical 
procedure. As expected, complete eradica- 
tion of the disease was achieved in evey 
case. Adjustment to ileostomy life has been 
surprisingly good, in view of what could 
have been anticipated in this low age 
group. We had been prepared for the pa- 
tients with an ileostomy to have greater 
emotional disturbances than those with an 
ileorectal anastomosis, but this did not 
prove to be the case. Both groups showed 
about the same emotional characteristics, 
and the same good social adjustment. We 
have, in fact, found that the best way to 
convince a new candidate, as well as his 
family, of the benefits of ileostomy and 
pancoloproctectomy is to introduce them 
to one of our earlier ileostomy patients. 

Whether these radical procedures should 
be performed in one, two or even three 
stages is the subject of controversy. We 
have preferred to complete the whole 
operation in one stage, and our results so 
far seem to justify our choice. 

Summing up our experience of the dif- 
ferent surgical procedures, it seems that 
they all have a definite place in the treat- 
ment of ulcerative colitis. In children at 
any rate, ileorectal anastomosis should be 
the first choice in the absence of severe 
proctitis, rectal stricture and rectal fistulas. 

The borderlines between slight, moder- 
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ate and severe proctitis are evidently ill. 
defined and fairly subjective. When t vere 
is any doubt regarding the degree of }.coc- 
titis, it seems advisable to leave the rec um 
in situ at the primary operation. Its condi- 
tion should then be assessed at regular 
intervals, for as long as may be required 
whether it 
bowel 


to determine should be. re- 


moved, or whether continuity 
should be restored. 

In the presence of definitely severe 
proctitis, pancoloproctectomy should be 
performed. Both the patient and his par- 
ents should be reassured that adjustment 
to ileostomy life will take place. 

Our only disappointment associated 
with surgical treatment has been the high 
incidence of complications, particularly of 
small-bowel obstruction. Our experience 
is in agreement with that reported in most 
series. No definite difference was observed 
between the incidence of complications 
following the three procedures used in our 
series. There are two obvious explanations 
of the common occurrence of postoperative 
intestinal obstruction, i.e., the large de- 
nuded areas left after colectomy, and the 
inflammatory lesions in the operative 
field, especially in the mesenteric lymph 
nodes. At the present time, no reliable 
means seem to exist for prevention of these 


complications. 


Summary 


Radical surgery has been performec in 
23 children and adolescents with ulcera‘ ive 
colitis. This implies that about 17 per «nt 
of the patients at the Pediatric Cli:ic. 
Karolinska Sjukhuset, with this disc ise 
were operated on. The clinical, roentge 10- 
logic and psychologic features, as wel. as 
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the norbid anatomy and surgical methods, 
are described and discussed. Particular 
interest is focused on the indications for 
operation and the choice of surgical 
method. It is stressed that the indications 
for surgical treatment of ulcerative colitis 
should be more liberal in growing patients 
than in adults. The detrimental effect of 
the disease on the physical and emotional 
development of children and adolescents, 
as observed in the present series, would 
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presumably be counteracted by operation, 
provided that it is performed in time. 

No death occurred in this series. All the 
patients improved rapidly after operation. 
An acute life-threatening condition, or a 
chronic disabling disease, has been repla- 
ced by a state of health and functional 
fitness. The patients with an ileostomy are 
well-adjusted. The follow-up period has 
ranged from 6 months to 8 years. 
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Chronic Supraventricular Tachycardia of Continuous or Repetitive 


Type in Children 


A Note on Circulatory Function and Long-Term Prognosis 


by GUNNAR STROM, ERIK ZETTERQVIST and PER ZETTERQVIST 


Chronic supraventricular tachycardia is 
an unusual disturbance which may occur 
also in children. In such cases, signs of 
gross congenital malformation or acquired 
disease of the heart are usually absent, 
and the condition may be so stable over a 
period of many years that a local malfor- 
mation of the impulse-forming atrial or 
nodal system has been suggested as its 
cause (Parkinson & Papp (7)). The tachy- 
cardia may be either of a ‘“‘continuous’”’ 
and “constant” type or of a “repetitive” 
and “paroxysmal” type, and it is clearly 
distinguished from the classical paroxys- 
mal atrial tachycardia. 

The circulatory functional effect of the 
supraventricular tachycardia appears to 
depend partly on the degree of atrio- 
ventricular (AV) conduction block, i.e. on 
the resulting ventricular rate, and partly 
on the effectiveness of ventricular contrac- 
tion at these high rates. In the majority 
of pediatric cases, no serious incapacita- 
tion is produced or there may even be no 
sub, ctive symptoms at all. The long-term 
pro; 1osis is judged to be good, at least in 
chil ren, in whom spontaneous remission 
ofte occurs in adolescence (see Parkinson 


a) 1173106 Acta Pediatrica Vol. 49 


& Papp for literature). Therapy is usually 
ineffective. 

However, a favourable outcome of the 
disturbance cannot be assured in every 
case of the “repetitive” type (cf. 2,4), and 
the prognosis in cases of the ‘continuous’ 
type may also be uncertain (cf. 1, 3, 5, 6, 8). 
It therefore seems justifiable to report 
four cases of chronic tachycardia which we 
have followed for a considerable length of 
time as they give additional information 
about the disturbance, its effect on cir- 
culatory function and its clinical course. 


Case reports 


CasE 1. Male patient O.S., born May 1, 1935. 
In 1938 uncomplicated scarlet fever. In 1940 
tonsillectomy. In 1941 erythema nodosum 
and enlarged hilar lymph glands, subfebrile, 
morning pulse rate 70-90 beats/min. In 1944 
arrhythmia was first noted, at routine me- 
dical examination. 

In 1949 irregular tachycardia was obser- 
ved, otherwise normal physical findings. 
Electrocardiography (Dr. T. Mdller, Kron- 
prinsessan Lovisas Barnsjukhus) showed 
chronic atrial tachycardia of periodic type, 
consisting of periods of a few, up to 20-30 
rapid beats of ectopic atrial origin (rate 
120-140 beats/min) interrupted by one or a 
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few normal sinus beats. The ectopic beats 
sometimes showed aberrant intraventricular 
condiiction and usually ended by AV conduc- 
tion block (see Fig. 1, 2). Otherwise the 
ventricular complexes were normal. 

The arrhythmia persisted unaltered from 
1949 onwards but the patient experienced 
no subjective discomfort and led a normal 
life, including participation in light sports. 
In 1955, during military service, he was ad- 
mitted to Karolinska sjukhuset for control 
examination. The tachycardia persisted, and 
the apex beat had now become broad and 
lifting. Auscultation was difficult to inter- 
pret. Phonocardiography at rest showed, in 
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period of tachycardia, the pressure in the 
right atrium and superior vena cava usually 
showed a slight fall, while the pressure in 
the pulmonary artery and the pulmonary 
wedge position (reflecting the left atrium) 
showed increase. At the 
pressure in the brachial artery showed large 
fluctuations (115/70—85/75), with a low pulse 
pressure during a period of tachycardia. 


a moderate rest, 


During muscular work of increasing inten- 
sity, the heart rate became more and more 
regular and the pulse waves more constant 
in appearance (Fig. lc). Roentgenography 
showed a normal configuration of the heart 
but there was a conspicuous general enlarge- 


ie the normal beats, normal first and second ment out of proportion to body size, blood 

sounds (Fig. 1b), a high-frequency fourth volume and resting cardiac stroke volume. 

we sound along the left sternal border which During sleep, a 2:1 AV block was registered, 

: became apparent in long diastolic intervals, resulting in a normal ventricular rate. 

and a slight systolic ejection murmur over Quinidine and procainamide in full dosage 

the pulmonary area. During a period of did not influence the arrhythmia. After high 

tachycardia, mechanical systole had a dura- doses of intravenous Lanatosid C, a constant 

tion of 0.25 sec, diastole 0.12 sec. Electro- 2:1 AV_ block of the rapid ectopic impulse 

cardiography showed a relatively high QRS — was produced. As this effect was believed to 

voltage and slightly inverted T-waves over _ be beneficial, the patient was kept on a daily 

the left precordium (Fig. la). Right-heart dose of 0.2 mg of digitoxin for long periods 

catheterization: at rest average heart rate (Febr. 26—-Oct. 1, 1956, and from June 5, 

125, average stroke volume 78 ml, arterio- 1958, onwards, see Table 1). During the 

venous (A—V) O, difference 39 ml/l, pressures first period of digitoxin medication, the 

in right atrium 2 mm Hg, right ventricle bouts of tachycardia became shorter, usu- 

22/6, pulmonary artery 21/17, pulmonary ally showing 2:1 AV block, and after the end 

wedge position 11, brachial artery 118/85; of muscular exercise, there often occurred 

= = during work of 300 kpm/min heart rate 125, periods of regular sinus rhythm. The heart 

stroke volume 94 ml, A-V O, difference volume decreased considerably, and the 

83 ml/l; during work of 600 kpm/min heart hemoglobin concentration in peripheral blood 

T4 rate 140, average stroke volume 104 ml, decreased moderately (see Table 1). The 

A-V O, difference 98 ml/l, pressures in right average heart rate during work was lower at 

atriim 5 mm Hg, right ventricle 40, pul- any work load than before digitalis medica- 

— monary artery 37/22. The pulmonary wedge- tion. During the following one and a half 

pressure curve showed relatively high atrial year, digitoxin was not given. The heart 

peals (Fig. 1d). During the course of a volume then increased considerably, the he- 

“ Fig. |. Case 1, male patient O.S., born 1935. Repetitive paroxysms of supraventricular ta- 

chyc :rdia, occurring in close sequence, with periodic AV block. (a) Standard and _ precordial 

= ECC leads, showing pauses between paroxysms of different duration (1955); (b) ECG recording 

with phonocardiogram from 4th L.I.S. and venous pulse registered from external jugular 

{ vein (c) Heart catheterization study: pressures in superior vena cava and brachial artery at rest 

12 and luring work of specified intensities; (d) Heart catheterization study: pressures in right ventricle, 

pul onary artery, and pulmonary wedge position (PCV) at rest; (e) Chest roentgenogram in 

; May 1958, without digitalis therapy, heart volume 1520 ml; (f) Chest roentgenogram in May 

195s with digitalis therapy, heart volume 980 ml; (g) Complete ECG recording (1958), showing 
‘se sign of left-ventricular hypertrophy. Time marking: distance between vertical lines = 0.1 sec. 
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moglobin concentration increased modera- 
tely, and the heart rate at comparable work 
loads increased. When digitoxin was given 
again, heart volume, hemoglobin concentra- 
tion and heart rates at rest and during work 
decreased once more. When, at the latest 
examination, the rhythm had become essen- 
tially normal (Fig. 1g), a considerable further 
decrease had taken place. Now the heart-rate 
response to the graded work test also showed 
a linear rise with the work load, as is nor- 
mally the case. The patient was still subjec- 
tively healthy. He himself had noted that 
the heart had resumed a regular rhythm. 
Electrocardiography (Fig. 1d) 
the left precordial leads a high QRS vol- 
tage, an increased left ventricular activation 


showed _ in 


time, S-T depression and inversion of the 
T waves, suggestive of left ventricular hyper- 
trophy. 

CaAsE 2. Male patient A.E. born Febr. 3, 
1947. Cardiac arrhythmia was detected at 
the age of 5 years. He had episodes of tachy- 
cardia, mostly in connection with exercise 
but a few times each year without any known 
provoking factor. On the last-mentioned oc- 
casions he was confined to bed for one or two 
days because of palpitations, tiredness, 
nausea, vomiting, and anorexia. During a 
few weeks prior to the first appearance of 
these symptoms, the boy had been a little 
tired and irritable but subsequently he was 
quite free of symptoms between the attacks 
of tachycardia. He took part in school gym- 
nastics but avoided too strenuous efforts. 

About 6 weeks after the first appearance 
of symptoms the boy was admitted to the 
local hospital. Physical examination revealed 
nothing of pathological significance except 
the arrhythmia. Routine laboratory investi- 
gations including ESR, BMR and AST gave 
normal results. During the first few weeks 
the boy had a regular atrial tachycardia of 
the type described below with every atrial 
impulse conducted to the ventricles. Pressure 
on the eyeballs caused inhibition of single 
ventricular beats, and after injection of Neo- 
stigmin a Wenckebach periodicity of AV 
conduction was observed without any change 
in the atrial tachycardia. Quinidine treat- 
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ment produced normal sinus rhythm bw had 
to be interrupted after about 10 days :s the 
patient developed allergic and toxic s ‘mp. 
toms (exanthema, and tachycardia with 
broad ventricular complexes). However, a 
spontaneous tendency to a second (ogree 
AV block later appeared. Digitalis sc med 
to increase this block, thus diminishin the 
ventricular rate, and treatment with mioder. 
ate doses was continued during the following 
two years. Finally it was discontinued, iis the 
effect was now not significant and as the 
had no 
without medication. 

In the autumn of 1958 he was admitted 
to the Pediatric Clinic, Karolinska sjukhuset. 

Clinical examination. Normally developed, 


patient mostly symptoms even 


somewhat slender youngster in a good general 
condition, physically active, intellectually 
well developed without ‘“‘nervous” symp- 
toms. Heart findings quite normal except 
variations in the rhythm. During complete 
rest the ventricular rhythm was regular at 
a frequency of about 90 beats/min. During 
slight activity a bigeminy was often found. 
Sometimes, in connection with effort or after 
long-lasting standing or walking, a tachy 
cardia with a frequency of 200-250 beats/min 
appeared. No venous pulses were visible. 
Roentgen examination of heart and lungs as 
well as routine laboratory investigations, 
including electrolyte studies, NPN, WR and 
thyroid function tests, were not remarkable. 

ECG studies (Fig. 2). The ECG was fol- 
lowed for 7 years. Except for a short period 
of sinus rhythm, mentioned above, it always 
showed a regular ectopic atrial tachycardia. 
The P-waves were always of the same type. 
though varying in frequency. At rest this 
was about 180 impulses/min. During mocler- 
ate activity, after prolonged standing, and 
during the exercise tolerance test it incre.:sed 
successively with a maximum of 265 per 
minute, without paroxysmal changes A 
partial AV block of a variable type, prob bly 
due to a Wenckebach mechanism, was ls0 
present: at rest a 2:1 block with proloi ged 
AV conduction time; at other times a \ en- 
ckebach periodicity with periods of ° -2! 
consecutive impulses transmitted to the ‘en- 
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Fig. 2. Case 2, boy A.E., born 1947. Continuous ectopic atrial tachycardia with variable AV 
block and a tendency to aberrant intraventricular conduction. (a) Complete ECG recording 
at rest, showing habitual mode of conduction (2:1 AV block with prolongation of AV conduc- 
tion time); (6) After slight physical activity (3:2 AV block); (c)-(d) During orthostatic test: 
(c) immediately after rising up (1:1 AV conduction); (d) after 10 min standing (irregular AV 
conduction with a few aberrant ventricular complexes); (e)—(k) Exercise tolerance test: (e) 
at rest on bicycle ergometer (2:1 AV conduction); (f) after 1 min at 300 kpm/min; (g) after 
2min at 300 kpm/min; (h) after 6 min at 300 kpm/min; (7) after $ min at 500 kpm/min. (The 
tendency to facilitation of AV conduction has now resulted in a rapid ventricular rate with 
aberrant ventricular complexes, probably 1:1 AV conduction with bundle-branch _ block, 
possibly ventricular tachycardia.) (j)-(k) Successive return to ordinary rest picture after end of 
work test; (/) During chronic medication with acetyldigitoxin (0.1 mg daily) and prostigmine 
(90 1g daily), resulting in increased AV block (recording at rest). Note ‘normal’? AV conduc- 
tion time following 4:1 block. Time marking = 0.1 sec. 


tricks. With increasing ventricular rate, a when a short period of broad and atypical 


tend ney towards aberration of the ventri- complexes were seen (Fig. 27); on this occa- 
cula’ complexes (of RBBB type) was noted. sion, a tachycardia of ventricular origin 
An «xtreme degree of such aberration ap- could not be excluded as an alternative 


pear d during an exercise tolerance test, explanation. The patient at that time was 
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Fig. 3. Case 3, boy K.B., born 1950. Repetitive tachycardia of nodal origin. (a) Complete 
recording; (b)-(d) Spontaneous variations in cardiac rhythm at rest during the first few 
of the observation time: (b) and (c) Oct. 1956; (d) Aug. 1957; (e) Spontaneous return to n 
sinus rhythm (Jan. 1960); (f)-(l) Exercise tolerance test (Jan. 1960): (f) and (g) at rest on bi 
ergometer; (hk) during work at load of 300 kpm/min, heart frequency about 155 beats 
(i) immediately after work; (j) 15 see after work; (k) and (J) 2} min after work. In (k) varia 
in the P-R time, and in (1) a paroxysm of ectopic tachycardia, probably of nodal origin, la 
for about 1 min. Time marking = 0.1 sec. 
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quite free of symptoms and ready to go on 
working. Even at other provocation tests he 
had 10 complaints, except for some slight 
dizziiiess during orthostatic conditions, when 
a regular tachycardia corresponding to the 
very high atrial frequency was observed 
(Fig. 2c). 

Treatment and subsequent course. Several 
drugs were attempted but the anomalous 
type of impulse formation could not be 
influenced. However, with a combination of 
digitalis and prostigmine a 2:1 AV_ block 
was stabilized, and remained even during 
orthostatic testing or moderate exercise of 
an intensity which previously had always 
provoked tachycardia. This stabilization still 
persists after 14 years of medication, and 
during this period the boy has been com- 
pletely free of symptoms. A tendency to 4:1 
AV block at 
period of too high digitalis dosage, and then 
a “normal” AV conduction time for the 
transmitted impulse was observed (Fig. 2a). 
The boy was sent home with 0.1 mg of 
acetyldigitoxin and 90 mg of prostigmine 
daily. At the latest control in May, 1960, the 
atrial rate during rest was 150. The AV con- 
alternated between 4:1 and 3:1 
block, resulting in a ventricular frequency 
of 40 beats per minute. After 8 min standing, 
the frequency relation was 160:80 (2:1). An 
exercise tolerance test was performed with 
the loads of 200, 400 and 600 kpm/min for 
§ min each, and the AV frequency relation- 
ships were then 180:90 (2:1), 210:140 (3:2) 
and 230:230 (1:1), respectively. Even with 
this very high ventricular frequency the 
patient was free of symptoms. The tendency 
to aberration of the ventricular complexes 
this time was only slight. Because of the 
marled degree of AV block during rest the 
digit lis dosage was reduced further. 

C\sE 3. Male patient K.B. born April 11, 
1950. According to his mother, he had per- 
tuss + in 1953 but otherwise was healthy 
nti’ the summer of 1955. At that time, he 
seen od to be tired and had in addition acute 
atta ks of fatigue and _ irregular heart 
thy im with predominantly a high fre- 
Otherwise no symptoms. Physical 
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examination (Pediatric Clinic, Karolinska 
sjukhuset) failed to show anything of patho- 
logical significance except cardiac arrhyth- 
mia. 

ECG. The ECG (Fig. 3) showed an inter- 
mittent sino-atrial block and also a varying 
proportion of ectopic supraventricular, 
mostly nodal, rhythm. Sometimes only iso- 
lated escaped beats were seen. On other oc- 
casions, the ECG was dominated by periods 
of 10-15 beats at a high frequency, separated 
by periods of 1-3 sinus beats at a normal 
frequency. During the subsequent years, 
features of the same kind have been found 
repeatedly but the proportion of ectopic 
beats and also the tendency to tachycardia 
has gradually decreased. Since the beginning 
of 1959, it has only become manifest in con- 
nection with upper respiratory-tract infec- 
tions. Recent ECG tracings primarily show 
a sinus rhythm with some slight variations 
of the P—R interval and of the configuration 
of the P waves. An exercise tolerance test 
with a bicycle ergometer has been performed 
three times. Each time, the cardiac rhythm 
during work was normal and the working 
capacity normal according to age and body 
development. The last time, however, in 
January 1960, a single paroxysm of tachy- 
cardia occurred some minutes after work 
preceded by a shortening of the P—R time 
(Fig. 3a). 

Treatment. Several attempts were made 
to normalize the heart rhythm by medical 
treatment. In the autumn of 1956, it was 
possible with digitalis to obtain a regular 
sinus rhythm but only with a dosage so high 
that resulted (bradycardia, 
nausea, and vomiting). 

The heart volume was checked roentgeno- 
logically several times. In June 1958, it was 
310 ml, corresponding to a relative heart 
volume of 370 ml per m? body-surface area 
(BSA); this is a little high. In April 1959, the 
figures were 270 and 300 respectively, thus 
suggesting a normalization of the previous 
slight cardiac enlargement in keeping with 
the normalization of the rhythm. The change 
is, however, small. 

CasE 4. Female patient E.-B.S. born 


intoxication 


GUNNAR STROM ET AL. 


b 

Cc 


V2 | | 


a 


d 


Fig. 4. Case 4, girl E.-B.S., 
plete ECG recording; 
(May, 1959); (d)-(e) 
average ventricular rate 


Exercise tolerance test 


160 beats/min; 


(b) Standard extremity leads (Oct. 
(May, 
(e) after 


born 1951. Repetitive tachyeardia of supraventricular origin. (@) Com- 


1953); (c) Standard extremity leads 
1959); (d) at rest on bicycle ergometer: 


6 min at 300 kpm/min; average ventricular 


rate 210 beats/min. Time marking = 0.1 sec. 


March 15, 1951. 1953 she had 
a mild upper respiratory-tract infection with 
subfebrile temperature during one day. One 
week later, at the children’s welfare center, 
a rapid and irregular heart rhythm was de- 
tected. No symptoms at this time or ever 
during the subsequent years. Physical exami- 
nation never revealed anything remarkable 
except cardiac arrhythmia. 

ECG (Fig. 4a). During the whole period of 
observation, the ECG has been dominated by 
an ectopic supraventricular (nodal?) tachy- 
interrupted by short 


In September 


cardia, frequently 
pauses followed by single sinus beats. In the 
first two years, the tachycardia was some- 
times interrupted by episodes of bigeminy, 
with one sinus beat and one ectopic beat in 
each couple, occasionally by normal 
sinus rhythm. During the last three years, 
the regular finding has been a nodal tachy- 
cardia at a frequency of about 150 beats/min, 


and 


interrupted at intervals of 5-15 sec by a 
pause and one single sinus beat immediately 
followed by a new period of nodal tachy- 
cardia. No change in the type of arrhythmia 
occurred during an excercise tolerance test in 
May 1959. At a load of 300 kpm/min an 
average ventricular frequency of 210 beats 
min was registered without any symptoms. 

Treatment. In autumn 1954 an attem))t to 
normalize the heart rhythm with digitalis in 
a high dosage was made, and sinus rhythm 
was achieved. When, however, the do:age 
was lowered to a maintenance level the 
arrhythmia reappeared. Quinidine treati ent 
following digitalization had no effect on the 
rhythm. 

The heart volume was followed roentg ‘no- 
logically. The relative heart volumeat th« age 
of 3 years 10 months was 240 ml/m? an ! at 
8 years (May 1959) 420 ml/m?. Thus, at the 
last examination a slight cardiac enlarger ent 
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CHRONIC SUPRAVENTRICULAR TACHYCARDIA 835 
TABLE 1. Case 1. 
Heart volume, ml Ws, Heart rate, beats/min 1200 
Date Medication Standing Prone g g/100 ml Rest 300 600 900 kpm/min 

1955: 

November oo 1235 64 148 134 170 

December — 1100 1540 850 16.6 128 128 132 (supine) 
1956: 

June digitoxin, 1200 =—-:1020 14.9 102. 94 124 146 164 

0.2 mg/day 

September fF 1290 940 15.0 56 108 128 156 176 
1957: 

January 1550-1015 15.4 136 140 140 180 

March 1220 1000 16.5 140 168 184 184 184 

September — 1700 934 14.6 
1958: 

April 966 17.0 128 144 148 150 168 

May 1520 1580 128 154 160 = 160 

July digitoxin, 62 155 120 150 172 

0.2 mg/day 

November + 1090 1340 939 15.8 114 120 150 172 
1959: 

May 890 1080 885 12.4 76 112 142 i2 

December 980 940 1020 15.6 76 100 120 146 169 
was noted, mainly due to dilatation of the Etiology 


left atrium, which displayed an obvious 
dorsal bulge towards the esophagus and 
seemed to be enlarged also to the right. 
Probably, a slight enlargement of the right 
atrium was also present. The ventricular 
part of the heart had a normal appearance. 


Discussion 
Type of tachycardia 

Three of our cases (Nos. 1, 3, and 4) 
represent the “repetitive” or ‘repetitive 
paroxysmal” type of chronic supraventri- 
cular tachycardia. The remaining case 
(No. 2) is an example of ‘continuous’ 
atrial tachycardia with variable partial 
AV block; this case differs from the 
others by having a normal ventricular 
rat’ at rest, but under certain circum- 
sta ices the ventricular rate may become 
ver high. 


The etiology of these cases is obscure. 
In two (Nos. 1 and 4) the case history 
suggested a correlation in time with a 
preceding infection but the first beginning 
of the arrhythmia and tachycardia was in 
fact not accurately fixed by clinical or 
ECG examinations. The infections may of 
course also have been coincidental. 

No clinical or laboratory signs of ab- 
normal thyroid function were found. 

Symptomatology 

In Case 2, of the “continuous” type, 
subjective symptoms were only noted on 
those occasions when a high ventricular 
rate appeared unconnected with muscular 
effort; palpitations and lassitude were then 
experienced. Cases 3 and 4, both children, 
had no subjective symptoms at all from 
their tachycardia, which was discovered 
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on routine medical examination. Case 1 
had very few if any symptoms from his 
tachycardia until manhood. Thereafter he 
sometimes felt tired at rest or on standing 
still, but improved on muscular exertion 
and in fact always liked cross-country 
running. This patient was more closely in- 
vestigated than the others, and the mea- 
surements of blood flows and pressures at 
rest and during muscular work interest- 
ingly illustrate the variability of his sub- 
jective symptoms. At rest, left-ventricular 
stroke volume and arterial pressure were 
very variable, being low during a run of 
tachycardia and increasing markedly in 
the few normal sinus beats. During work, 
the stroke volume and arterial pressure 
became more and more stabilized although 
the ventricular rate did not change much. 
Apparently, the venous filling improved 
during work up to the degree needed for 
the high ventricular rate of the tachy- 
cardia. 
Clinical course 

In Case 3, the tachycardia ended at the 
age of 8 years after 4 years’ duration; in 
Case 2, the tachycardia still persists at 
the age of 13 after 8 years’ duration; in 
Case 4, the tachycardia also persists at the 
age of 9 after 5 years’ duration; and in 
Case 1, the tachycardia seems to have 
ended definitely (} year’s observation) at 
the age of 25 after about 15 years’ dura- 
tion. Therapy, in the form of non-toxic 
doses of digitalis glucosides, influenced 
AV conduction but did not abolish the 
abnormal impulse formation. Quinidine 
was ineffective except in Case 2 on one 
occasion. In Cases 2-4, no abnormal clini- 
cal signs from the heart apart from the 
tachycardia have been observed but in 
Cases 3 and 4 a tendency to roentgeno- 
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logical enlargement was noted. In Cas _ 1, 
however, clear cardiac enlargement . nd 
ECG signs of left-ventricular hypertro hy 
slowly developed during the duratio: of 
the tachycardia. As this patient did ot 
show any signs of valvular lesions, and jiad 
a normal arterial blood pressure, the 
hypertrophy may have been caused by the 
long-standing tachycardia. The immediate 
cause of the hypertrophy may then have 
been the dilatation of the left ventricle 
which took place during each period of 
tachycardia with ineffective left-ventri- 
cular strokes, as judged from the increas- 
ing left-atrial pressure and the low arterial 
pulse pressure, and which ended in a very 
large stroke volume in the ensuing normal 
sinus beat. Digitalis therapy in this patient 
caused not only increased AV block with 
slower ventricular rate but also a conspi- 
cuous decrease in heart size. Unless the 
latter effect be ascribed to a_ positive 
inotropic influence of digitalis, this reac- 
tion to digitalis therapy strengthens the 
contention that cardiac dilatation and 
eventual hypertrophy may be a long-term 
result of chronic atrial tachycardia of the 
“repetitive” type. No indications of car- 
were found in_ the 


diac enlargement 


“continuous” type (Case 2). 


Summary 


Four cases of chronic supraventricu'ar 
tachycardia are described, three of ‘he 
“repetitive paroxysmal” type and one of 
the ‘“‘continuous” type. The signs of ‘he 
in childhood. b- 
jective symptoms were scarce. 

In the cases of the “repetitive” tye. 
slight cardiac enlargement was noted af er 
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4-5 vears’ duration in the two youngest 
patients, while clear left-ventricular hyper- 
trophy was present after 15 years’ dura- 
tion in the remaining patient. It is pointed 
out that, as signs of valvular lesions, etc. 
were absent, the tendency to cardiac en- 


largement may have been the result of the 
long-standing arrhythmic tachycardia. 
Digitalis therapy provoked partial AV 
conduction block, decreased the ventri- 
and tended to 
cardiac enlargement. 


cular rate, reduce the 


References 


], CLAIBORNE, T. S.: Auricular tachycardia with 
auriculoventricular block of 12 years’ dura- 
tion in a 16-year-old girl. Amer Heart J, 
39; 444, 1950. 

2, CorpEtRO, A.: Chronic auricular tachycardia 
with unusual features. Amer Heart J, 46: 
460, 1953. 

3. FentcHet, N. M.: Paroxysmal auricular 
tachycardia with digitalis-induced atrio- 
ventricular block under observation for 
13 years. Amer Heart J, 44: 890, 1952. 

4, GeNDEL, B.: Paroxysmal auricular tachy- 
cardia of unusual type. Amer Heart J, 34: 
722, 1947. 


5. Hay, J. D. and Kerpan, 8S. E.: Persistent 
ectopic auricular tachycardia in children. 
Brit Heart J, 14: 345, 1952. 

6. Herson, R. N. and F. L.: 
Chronic auricular tachycardia. Brit Heart 
J, 9: 19, 1947. 

7. Parkinson, J. and Papp, C.: Repetitive 
paroxysmal tachycardia. Brit Heart J, 9: 
241, 1947. 

8. ScHACHNOW, N., SPELLMAN, S. and Rus, L.: 
Persistent supraventricular tachycardia. 
Circulation, 10: 232, 1954. 


(G.S.) Department of Clinical 
Physiology, 

Akademiska sjukhuset 

Uppsala 

Sweden 


ste 
lar 
he 
of 
he 
b- 
e, 
er 


Acta Pediatrica 49: 838—-842. Nov. 1960 


From the Department of Paediatric Surgery (Head: G. Ekstrém), 
Kronprinsessan Lovias Barnsjukhus, Stockholm 


Intussusception in Children with Acute Vascular Purpura 


(Schénlein-Henoch Syndrome) 


by SIGRID SODERLUND 


As early as 1808, Willan (18) reported 
the occurrence of abdominal pain in a case 
of purpura. Henoch (8) stated in 1874 that 
abdominal pain may be part of the symp- 
tom complex in a certain form of purpura, 
which he described as a clinical entity. 
One of the names that has later been given 
to this form of the disease is acute vascular 
purpura. 

The abdominal pain was considered to 
be caused by haemorrhages in the intes- 
tinal wall. It subsequently became evident 
that these haemorrhages could give rise to 
intussusception. 

It is true that intussusception is a rare 
complication of acute vascular purpura. 
The first case was described in 1893 by 
Vierhuff (17), and only 33 additional cases 
have been reported since then (1, 3-5, 7, 
9-12, 14, 16, 19). Despite this, the compli- 
cation is of great clinical interest. It may 
be difficult to diagnose, and is inevitably 
fatal unless a prompt diagnosis is made, 
and adequate treatment—generally surgi- 
-al—is begun shortly after the onset. 

In view of the above-mentioned facts, it 
seems well motivated to report even single 
cases of this type. 

Two cases of intussusception as a com- 
plication of acute vascular purpura oc- 


curred at the Department of Paediatric 
Surgery, Kronprinsessan Lovisas Barn- 
sjukhus, in the spring of 1960. In both 
cases the diagnosis was initially uncertain, 


which delayed operation. 


Case Reports 


Case 1, a boy aged 3 yrs 2 mths, with a 
history of asthma. Five days before admis- 
sion, petechial haemorrhages appeared on 
the scrotum and lower legs, and his feet 
swelled. On the night before admission, he 
had acute abdominal pain; he vomited and 
had one loose, blood-mixed bowel movement. 

On admission to the Department of Medi- 
cine on the next morning, he was somewhat 
lethargic and pale. The abdomen was soft, 
but slightly tender. Petechiae were present 
on the lower legs and genitals. He had no 
fever. Blood analyses showed no abnormuli- 
ties. On this day, he had another blood- 
mixed defaecation. He vomited repeatedly, 
and the vomit sometimes contained blood. 
On the following day he vomited somewhat 
less, and was able to take fluid by mouth. 
He had no bowel movement. Two days ater 
admission his general condition was mre 
affected. He vomited repeatedly. Plain fi! ns 
of the abdomen showed marked small-bo:vel 
obstruction, and a probable intussuscept ‘m 
of the transverse colon. He was transferrec to 
the Department of Surgery, Kronprinsess in 
Lovisas Barnsjukhus. 
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Hiis general condition was then greatly 
affe:ted; he was languid, pale and dehydra- 
ted, and tonus was poor. The abdomen was 
soft but somewhat distended. Slight tender- 
ness was present to the right of the umbilicus. 
No mass was palpable. 

After parenteral administration of fluid, 
operation was performed 23 days after the 
onset of the abdominal symptoms. The abdo- 
minal cavity contained blood-stained fluid, 
and a few patchy, subserous haemorrhages 
were present on the small intestine. There 
was ileo-ileocolic intussusception, extending 
from the hepatic flexure to 40 cm orad to the 
ileocaecal valve. Reduction was successful, 
except for the last 20 em of the small bowel. 
This part was resected, and the ends exteri- 
orized. The ileostomy was closed 5 days later. 
Post-operatively, there were numerous re- 
currences of purpura. On discharge 3 weeks 
after the first operation, the patient was 
healthy. 

Case 2, a boy aged 8 yrs 4 mths, with 
several years’ history of abdominal trouble, 
in the form of pain and loose stools. Acute 
tonsillitis with high fever started 11 days 
before Penicillin therapy was 
begun 5 days later. Two days before admis- 
sion, he began to complain of abdominal 
pain. He vomited once, and had one passage 
of dark stools. On the day before admission, 
he still had pain localized to the lower part 
of the abdomen. He had one normal defaeca- 
tion without blood. On the day of admission, 
petechiae appeared on his elbows and feet. 

He was admitted to the Department of 
Medicine, but was transferred on the same 
day to the Department of Surgery, Kron- 
He was 


admission. 


prinsessan Lovisas Barnsjukhus. 
then generally affected, pale and dehydrated. 
Fading petechiae were visible on the elbows 
and feet. The abdomen was soft, but diffusely 
tender below the umbilicus, where a mass 
about 8 by 6 cm was palpable. Rectal exami- 
nation disclosed normal conditions, and no 
blo: 1 in the ampulla. Urine analyses showed 
abo it 10 red cells per visual field. He had no 
fev. . Plain films of the abdomen gave no 
defixite evidence of intestinal obstruction; 
he . as therefore kept under observation for 
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purpura with suspected intestinal bleeding, 
or an appendix abscess. 

On the day after admission, the abdomen 
was distended. No mass was palpable, but 
rigidity was present on the left side. Barium 
meal X-rays showed small-bowel obstruc- 
tion. At operation 3 days after the onset of 
abdominal symptoms, blood-stained fluid 
was found in the abdominal cavity, as well as 
ileo-ileal intussusception about 100 cm orad 
to the ileocaecal valve. Since the intussus- 
ception was irreducible, about 70 cm of the 
small bowel was exteriorized, and was re- 
sected by diathermy the next day. The 
ileostomy was closed one week later. The 
post-operative course was uneventful, and 
the patient could be discharged in good 
health 14 days after the first operation. 


Discussion 


Acute vascular purpura is more common 
in males than in females. The proportion 
of males to females given in the literature 
varies from 2:1 to 3:2 (1, 15). Although 
the disease may appear at any age, its 
incidence is highest in children. Sterky & 
Thilén (15) found, in a series of 224 chil- 
dren, that the onset occurred before 2 
years of age in scarcely one-tenth of them, 
and in half of all the cases between 2 and 
5 years. Purpura complicated by intussus- 
ception has not, on the other hand, been 
described in children less than 2 years old, 
in contrast to intussusception of other 
origin, which is frequent before this age. 

Abdominal complaints often occur in 
uncomplicated purpura, especially in older 
children. Thus, in a series of 131 children 
with this disease, abdominal symptoms 
were present in one-third of those under 2 
years of age, and in three-quarters of those 
over 2 years (1). 

The initial manifestations of purpura are 
usually localized to the skin or joints. This 
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applied in my Case 1, i.e., the boy had 
petechiae and swollen feet for 4 days 
before the appearance of abdominal symp- 
toms. In rare cases, abdominal complaints 
may be the first sign of purpura, as in 
Case 2. In this patient, the petechiae did 
not appear until unalarming abdominal 
pain had been present for 2 days. 

In uncomplicated purpura, the abdo- 
minal symptoms consist of pain, melaena 
and vomiting. Pain is the commonest 
symptom. It is often violent, and resem- 
bles that of colic. Melaena generally occurs 
concurrently with the pain. Bleeding may 
be so profuse that it produces shock. On 
the other hand, it may be sparse or occult. 
Vomiting is the most unusual abdominal 
manifestation. Thus, it occurred in only 
one-third of a series of 131 cases (1). The 
vomit may contain blood, as in my Case 1. 

Acute vascular purpura may thus be 
responsible for a symptom complex of 
abdominal pain, melaena and vomiting, 
neither skin nor joint symptoms having 
vet appeared. Numerous cases are, in fact, 
reported in the literature in which purpura 
had its onset in the form of abdominal 
manifestations; laparotomy was __ per- 
formed for suspected intussusception, but 
disclosed only bleeding in the intestinal 
wall. 

Consequently, when the initial symp- 
toms of uncomplicated purpura are loca- 
lized in the abdomen, there is a great risk 
of a faulty diagnosis, with operation as a 
result. However, this scarcely implies any 
risk for the patient’s life. 

The conditions differ when purpura is 
complicated by intussusception. In this 
event, the results may be directly fatal if 
the intussusception is overlooked, or is 


diagnosed too late. In a few days—or even 


hours—the disease may lead to intest jal 
gangrene with a possibly fatal outc: me 
or, in the best case, to recovery after in- 
testinal resection. In such cases, a cor ct, 
early diagnosis is of decisive importa ce 
for the prognosis. This is confirmed by the 
literature. Operation was performed in: 26 
of the 34 cases reported. In 15 of them. the 
diagnosis was made so late that intestinal 
resection had to be done. Five of the oper- 
ated patients died, in every case after 
resection (1, 11, 12, 14). 

The abdominal symptoms of uncomp- 
licated purpura and of intussusception 
may be highly similar. Consequently. it 
may be impossible at bedside examination 
to determine whether or not intussuscep- 
tion is present. 

As a rule, no information is provided by 
palpation of the abdomen. In my Case 1, 
the intussusceptum could not be palpated. 
despite the fact that the whole abdomen 
was consistently soft. Although a mass 
was palpable on one occasion in Case 2. it 
was interpreted as an intestinal bleeding 
caused by purpura, or possibly an appen- 
dix abscess. Cases have been reported with 
a palpable mass, where only an intestinal 
haemorrhage was found at operation (6. 9). 
Thus, intussusception was present in only 
8 of 18 cases in the literature in which 
purpura was associated with a palpable 
abdominal mass (13). 

Roentgenologic examination is the most 
valuable diagnostic aid. In most ca<es, 
plain films show whether there is intest nal 
obstruction. This applied in Case 1. In 
Case 2, on the contrary, the plain fi ms 
were not convincing. Intestinal obst» 
tion became evident only after a bar im 
meal examination had been made. 

When intussusception is suspected a 
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hariam enema may be valuable from both 
the diagnostic and therapeutic points of 
view. This applies if the colon is involved, 
hut not if pure small-bowel obstruction is 
present. Barium enema examination was 
not. however, performed in the two cases 
reported. In Case 1, the intussusceptum 
was already visible on the plain films. 
Since intussusception was of such long 
duration, and the patient’s general condi- 
tion was affected, we did not venture to 
attempt reduction by barium enema. In 
Case 2, intussusception was never sus- 
pected. 

The chief factor responsible for the dif- 
ficulty of making an early diagnosis when 
purpura is complicated by intussusception 
seems to be that the suspicion of intussus- 
ception never arises, and that no roent- 
genologic examination is therefore made. 
This is illustrated by Case 1, in which the 
patient was hospitalized for more than 
two days without intussusception being 
suspected. The literature contains several 
cases in which there were no suspicions 
whatsoever of intussusception, which was 
detected only at autopsy. In other cases, 
roentgenologic examination was not made 
until the patient had marked signs of a 
serious surgical abdominal condition. 


There are no direct indications—con- 


sisting either of data in the history or of 
findings at ordinary clinical examination— 
that purpura has become complicated by 
intussusception. Consequently, to avoid 
this 
possibility must be borne in mind in every 


intussusception being overlooked, 
case of purpura. Even if only mild abdo- 
minal symptoms are present, a roentgeno- 
logic examination should always be made. 
in the form of plain roentgenograms and 


possibly barium enema as well. 


Summary 

Intussusception is a rare complication 
of acute vascular purpura. An account is 
given of two personal cases. Intestinal 
resection was necessary in both of them, 
since operation was delayed by the diag- 
nosis being uncertain. It is pointed out that 
the abdominal symptoms in uncompli- 
‘ated purpura and in intussusception may 
be highly similar. Consequently, it is diffi- 
cult to decide whether purpura has been 
complicated by intussusception. An in- 
correct diagnosis is fatal in such cases. It 
is recommended, in order to avoid intus- 
susception being overlooked, that roent- 
genologic examination—in the form of 
plain films and possibly barium enema as 
well—be made in every case of purpura 
in which abdominal symptoms are present. 
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Studies of the Circulatory Adaptation Immediately after Birth 


by GORAN WALLGREN, PETTER KARLBERG and JOHN LIND 


The most urgent problem the newborn 
infant has to face is the initiation of 
breathing and the subsequent respiratory 
and hemodynamic adaptation to extrau- 
terine life. The literature on this subject 
during the last years has been abundant; 
for recent general reviews see Cook et al. 
(3), Karlberg (14), James (12), Stern & 
Lind (18). Nevertheless knowledge regard- 
ing circulatory adaptive changes in con- 
nection with the initiation of breathing is 
limited and for the most part has been 
extrapolated from studies of the status of 
the circulation before, as well as after, 
delivery (6, 14), and from studies in 
animals (6). 

tespiratory studies have demonstrated 
that the transformation of the fetal lungs 
toan organ which functions adequately for 
respiratory gas exchange proceeds very 
rapidly indeed; it is principally achieved 
during the first few breaths (8, 14). For 
this reason it is necessary to register and 
interpret the circulatory dynamics during 
this transformation and to correlate them 
wit : studies of the respiratory adaptation. 


r 


‘he present communication reports 
obs -rvations on the blood pressure re- 
cor ‘ed in the umbilical vessels in the new- 
boi 1 infant immediately post partum and 
du ng the first minutes of extrauterine 


pported by research grants from the Asso- 
cia’ on for Aid of Crippled Children. N. Y. City. 
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life and the influence on arterial pressure 
of intrathoracic pressure variations. 
Material 
Ten fullterm infants with 
vertex delivery from healthy mothers were 


spontaneous 


studied. The pregnancies were uneventful 
and all of the deliveries were considered 
normal, except one (Case 7), when it was 
necessary to clamp and cut the cord before 
delivery of the body. Maternal anesthesia 
consisted of nitrous oxide which was given 
to the mother intermittently during the 
later part of labor and chloroform for a short 
period during delivery. Following delivery 
the infant and the intact umbilical cord were 
placed at a level 5-10 em below the mother’s 
perineum. Resuscitation was not required 
in any case and all infants began to breath 
within 20 seconds of birth. All had a normal 
course during the neonatal period. 


Methods and Procedure 


Blood pressure in the umbilical vessels 
were recorded through a needle with an 
internal diameter of 1 mm, attached to the 
end of a no 6 Cournand heart catheter, 
connected to a gauge 


(Elema). The system was filled with sterile 


strain manometer 
isotonic saline and was flushed at regular 


intervals to insure unhampered 


recording: One of the umbilical arteries was 


pressure 


punctured 5-10 cm from the umbilicus 
with the needle pointing towards the infant. 
The vein was punctured approximately 20 
em from the vulva, the needle directed 
towards the placenta. Intraesophageal pres- 
sure was recorded through a saline-filled 


polyethylene catheter (13), with an internal 
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diameter of 1 mm and with perforations in 
the sides and end of the tip. The catheter 
was introduced through the mouth immedi- 
ately after the delivery and placed with the 
tip approximately at the junction of the 
middle and the upper third of esophagus. 
The strain gauges were placed 3 cm above 
the table to avoid hydrostatic effects. The 
the 


recorded on a 


signals from three manometers were 


simultaneous multi-channel 
recorder (Elema mingograph). 

The recordings were started within 5 to 
35 seconds after delivery and were continued 
for 1-2 minutes, in general until the umbilical 
arterial pulsations ceased. Care was taken to 
handle the cord as gently as possible during 
the whole procedure and pulsations in the 
the 


introduction of the needle. In six of the cases 


cord were not observed to change by 


recordings were started before or at the onset 
of respiration. In the remaining four cases 
the 3 times 
tracings were obtained. For technical reasons 


infants breathed 2 or before 
venous pressure was recorded in only 6 in- 
fants. The pressure recordings from the um- 
been considered to be 
representative of the 
pressure of newborn infants (21) and intra- 


bilical artery has 


systemic arterial 
esophageal pressure changes are considered 
representative of intrathoracic 
changes (13). 


pressure 


Results 


Basal” pressure in the umbilical artery. 
The ‘basal’ arterial pressures and the 
pulse rate in such periods are listed in 
Table 1 and the time in relation to the 
onset of respiration for each of the ten 
infants. As defined “basal” pressures 
were those recorded between respiratory 
movements or during shallow respiration 
because marked pressure variations in 
blood pressure occurred synchronously 
with forceful respiratory movements. Ini- 


tial blood pressure ranged from 40/21 to 


95/73 mm Hg. There was a relatively wide 


GORAN WALLGREN ET AL. 


range in the pressures recorded im» odi- 
ately before and after the first breath bi t no 
systematic change was observed. Afte the 
infant had breathed for 10-20 second.. the 
blood pressure during the period of rec ord- 
ing was constant within a range of 15 mm 
Hg. Twenty to thirty seconds afte: the 
onset of respiration the mean “basal” 
blood pressure was 69/45 mm Hg. There 
was marked variation in pulse rate which 
did not show any systematic change. 

Influence of the intrathoracic pressure 
variations on the pressure in the umbilical 
arteries. The most striking feature in the 
arterial pressure curves was the great 
variation in both systolic blood pressure 
and pulse pressure which occurred syn- 
chronously with pressure variations within 
the thorax (Fig. 1). This influence was 
most obvious when the greatest intra- 
thoracic pressure variations occurred hut 
it was even apparent during less forceful 
respiratory movements. Forced expira- 
tion (positive intrathoracic pressure) re- 
sulted in increased systolic, diastolic and 
pulse pressures; increased negative intra- 
thoracic pressure resulted in a fall in these 
pressures. The most marked variation in 
the arterial pressure and the shape of the 
pulse wave occurred synchronously with 
abrupt rises or falls in intrathoracic pres- 
sure when the change coincided wit!) a 
pulse stroke (Fig. 1-2). At these ti: ies 
pulse amplitude more than doubled dur ng 
a forced expiration and almost disa}»e- 
ared during forced inspiration. 

Pressure in the umbilical vein. The 1 n- 
bilical venous pressure about 10 seco ds 
after the first breath ranged 15-50 1m 
Hg. At around 100 seconds it had fa! en 
to 10-20 mm Hg. 
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TanLe 1. Pressure in umbilical artery and pulse rate in relation to time of the first breath. 


Tire in see, 
relative to 


Ist breath —20 10 0 10 20 30 40 50 60 70 80 90 
B.P. 66/55 55/43 60/46 70/50 
Pulse 120 150 175 150 
B.P. 95/73 56/38 
Pulse 120 150 
B.P. 70/40 69/47 74/49 84/55 
Pulse 165 150 150 159 
} B.P. 54/39 69/45 72/48 66 /42 66/39 66/45 
Pulse 150 150 145 140 110 130 
B.P. 72/42 45/35 66/35 
Pulse 144 86 110 
(i B.P. 45/30 53/30 51/27 
Pulse 110 110 115 
7 BP. 40/21 42/21 42/18 
Pulse 165 160 170 
, BP. 75/42 71/35 83/45 73/32 83/46 81/50 80/48 86/57 82/55 
Pulse 80 80 120 72 140 142 140 160 158 
B.P. 93/66 87/46 84/48 84/48 86/55 
Pulse te 100 86 110 110 
75/57 73/57 71/35 
Pulse 170 140 100 
Discussion bilical artery of 80/46 mm Hg in a series 


Pressure measurements in the umbilical 
vessels during the immediate neonatal 
period have been performed by several 
investigators. Hasselhorst (9) reported an 
average systolic pressure of 75 mm Hg in 
the umbilical artery and a value of 26 mm 
in the umbilical vein. He also recorded 
pres-ures when the baby was still in the 
uterine cavity after incision in the uterus 
and found no systematic difference in 
the wrterial and venous pressures before 
or efter delivery. Woodbury et al. (21) 
rep’ ted an average pressure in the um- 
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of 24 normal deliveries. These authors 
observed an increase in systolic and diasto- 
lic pressures during crying, the average 
rise being 27 mm Hg. Nyberg & Westin 
(17) found similar values in the umbilical 
artery in the time range of 6-80 seconds 
after birth. They, too, noted great varia- 
tions in the pressure levels synchronous 
with respiratory movements. In the pres- 
ent investigation the average value cal- 
culated from the “‘basal’’ pressure in the 
umbilical artery 20-30 seconds after the 


initiation of breathing was 69/45 mm Hg, 


intra esophageal pressure 
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Umbilical arterial pressure 


Fig. 1. 


mn 
Umbilical arterial pressure 
+100 
50 
intra esophageal 
pressure 


~50 10" 
Time 


Fig. 2. 


Fig. 1 and 2. Pressure tracings in the umbilical artery and esophagus in two newborn infants. 


and is thus in agreement with earlier 
this 


calculation because of the abnormal course 


reports. Case 7 is excluded from 
of the delivery. 

The stable level of the basal systemic 
the after 


delivery, as well as before and after the 


pressure in child before and 
first breath speaks in favor of an effective 
regulatory mechanism, which secures cir- 
culatory homeostasis. At birth sudden 
changes in environmental temperature 
and pressure and the distribution of blood 
into the rapidly increasing pulmonary 
circulation greatly alters circulatory de- 
mands. These circumstances would result 
in a hypovolemic state similar to that of 
circulatory shock, if they were not counter- 
balanced either by increase in the peri- 
pheral vascular tonus or by transfusion of 
blood to the child. The former possibility 
seems less likely in view of the findings of 
Young & Holland (22), who observed that 
there is no rebound blood pressure in- 


crease after tilting the body feet down 


during the very first days of life but there 
is a marked increase in the pulse rate. It is 
then more probable that the discrepancy 
between blood volume and vascular capa- 
city in the newborn infant is corrected by 
the transfusion of blood from the placenta. 
which apparently occurs during delivery 
and immediately postnatally. H6rman ¢? al. 
(11) calculated the net shift of blood from 
the placenta to the child after delivery and 
found that an of 70 ml was 
transfused to the child, and that around 
75 % of this volume was transfused during 
the first minute. Whipple et al. (20) have 
shown that it occurs within 15 seconds of 
delivery. A shift of blood of this magnittde 
to the newborn infant who, at full te: m, 


average 


has a total blood volume of approxim- 
ately 300-350 ml, may be sufficient to 
correct the disproportion between ‘he 
amount of available blood and the chang- 
ing capacity of the vascular beds. In t 1is 
connection it deserves mentioning t! at 
the average addition of blood from ‘he 
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placenta to the neonate constitutes ap- 
proximately 20% of the total blood vo- 
lume of the child, a figure which is almost 
exactly the same as the lung blood volume 
in relation to total blood volume in the 
healthy adult (15). Since studies in new- 
born animals (4) have shown that a marked 
decrease in the pulmonary resistance is 
caused by the inflation of the lungs with 
air and studies in newborn infants (14) 
have shown that considerable aeration of 
the lungs occurs during the first few 
breaths there is reason to assume that a 
marked increase of the blood volume in 
the lungs will take place before flow in the 
umbilical vein has ceased. 

The findings in Case 7 may be explained 
by the deprivation of this transfusion of 
blood from the placenta due to the clamp- 
ing of the cord before the delivery of the 
body. Lind & Wegelius (16) observed a 
dramatic reduction in the heart size during 
inspiration of the first breath when the 
cord was clamped before the first breath. 
This was not observed when the cord was 
patent from which they concluded that 
there is a shift of blood from the placenta 
to the child during the initial inspiration 
which is important in maintaining an 
adequate stroke volume and, thus, cir- 
culatory homeostasis. 

Although the “basal” systemic pressure 
is kept constant during the immediate 
postnatal period, there are great changes 
in ‘he arterial pressure curve with indi- 
vidial breaths. The intimate relationship 
bet ween systemic blood pressure variations 
ind'cates that the blood 
pre ssure is a secondary phenomenon to the 


variation in 


res piratory movements. 
effect of 
vaiiations upon the circulation has been 


intrathoracic pressure 
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thoroughly studied in adults (1, 2, 10). 
Although there is a marked respiratory 
influence upon the circulation, there is 
little effect onsystemic arterial pressure (19). 

Changes in the pulse pressure are caused 
by alterations of stroke volume and/or 
peripheral resistance. In newborn infants 
with the ductus arteriosus patent a change 
of the pulmonary resistance will directly 
influence the systemic resistance. Positive 
intrathoracic pressure increases the trans- 
mural pressure in the lung vessels resulting 
in increase of pulmonary vascular re- 
sistance. The left to right shunt through 
the ductus is then decreased, stopped or 
even reversed. Thus systemic blood pres- 
sure associated with inspiration rises. On 
the other hand, with negative intrathoracic 
pressure, associated with inspiration, the 
vascular resistance in the lungs decreases, 
promoting an increase of the left to right 
shunt through the ductus. 

Since there is no reason to believe that 
the effects of intrathoracic pressure upon 
venous return to the left heart are dif- 
ferent in infants than adults, it seems clear 
that changes in aorto-pulmonary shunting 
are the principle explanation of the pro- 
nounced influence of intrathoracic pressure 
on systemic blood pressure. Such an 
interaction has been shown in adults with 
persisting patent ductus arteriosus where 
the shunt through the ductus has been 
modified during operation (7). 

Beat to beat analysis of the shape of 
the peripheral pulse wave and its change 
with intrathoracic pressure variations are 
in progress. 


Summary 


Simultaneous pressure measurements in 
the esophagus and an umbilical artery 
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were performed in ten full-term infants 
following spontaneous vertex delivery. 
The recordings were started within 5-35 
seconds and continued for I-2 minutes. 
In six of the cases recordings were started 
before or at the onset of respiration. The 
average values were found to be 69/45 mm 
Hg. A stable “basal” systemic pressure 
was after the first 


breath, in spite of the sudden change in 


found before and 
environmental conditions at birth and the 
suddenly increasing pulmonary circula- 
tion. Several observations are presented 
which indicate that the placental trans- 


fusion may be balanced between the 
amount of available blood and the in- 
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creasing capacity of the vascular bed in 
the newborn infant, thus securing circi a- 
tory homeostasis. A striking feature \ as 
the direct relationship between the int: a- 
thoracic pressure and the arterial pressue. 
An increase in both systolic, diastolie aid 
pulse pressures occurred during increased 
positive pressure in the thorax during 
expiration and a decrease during ‘he 
inspiratory negative pressure. The intiin- 
ate correlation between the intrathoracic 
pressure and the 
primarily attributed to changes in the 
aorto-pulmonary shunting through the 


pulse amplitude is 


ductus arteriosus. 


References 


1. ATTINGER, E. O.: Some interrelations be- 
tween ventilation and circulation. Amer 
Heart J, 54: 837, 1957. 

BovuvERET, P., JACQUEMIN, CH., CoLINn, J. 
and FLanprots, R.: Variations de la 
pression artérielle systolique chez Vhom- 
me au cours de différentes modalités de 
surpression intrapulmonaire. J physiol, 
(Par), 49:59, 1957. 

3. Cook, D. C., BARRE, H. and Avery, M. E.: 


te 


Respiration and respiratory problems 
of the newborn infant. Advances in 
Pediatrics, Vol. XI, Chicago, Yr. Bk. 


Pub., 1960, p. 11. 

4. Dawes, G. S.: Changes in the circulation at 
birth and the effects of asphyxia. Ad- 
vances in Paediatrics, Interscience Pub- 
lishers, London, 1958 p. 1. 

5. Some respiratory and cardiovascular 
problems after birth. Arch Dis Child, 34: 
281, 1959. 

6. Dawes, G. S., Mort, J. C. and Wippr- 
coMBE, J. G.: The patency of the ductus 
arteriosus in newborn lambs and _ its 
physiological consequences. J Physiol 
(Lond), 1/28: 361, 1955. 

7. Evrtascu, H., Ertxsson, K. and WERKO, L.: 
Patent ductus arteriosus in the adult. 
Acta Med Scand, 155: 135, 1956. 

8. GEUBELLE, F., KArRLBERG, P., Kocn, G., 
Linp, J.. WALLGREN, G. and WEGELIUs, 
C.: L’aération du poumon chez le nou- 
veau-né. Biol Neonat, 1: 169, 1959. 

9. Hassetuorst, G.: Uber den Blutdruck in 
den Nabelschnurgefassen, die Ausschalt- 
ung des Nabelschnur- und _ Plazentar- 


kreislaufs nach Geburt des Kindes, und 
iiber den Blutstillungsmechanismus. Z 
Geburtsh Gyndk, 95: 400. 

10. Herman, D. F., Ropsarp, S., SHAFFER, A. 


B. and SNiIpER, G. L.: Respiratory 
factors affecting pulmonary arterial 
bloodpressure and flow through the 


lungs. J Appl Physiol, 10: 31, 1957. 

11. HOrMann, G. and Lemrtis, I.: Untersuch- 
ungen tiber den fétalen Plazentarkreis- 
lauf wahrend der Nachgeburtsperiode. 
Zbl Gyndk, 76: 329, 1954. 

12. JAMES, S.: Physiology of respiration in 
newborn infants and in the respiratory 
distress syndrome. Pediatrics, 24: 1069, 
1959. 

13. KARLBERG, P., CHERRY, R. B., Escarpo, 
F. E. and Kocu, G.: Respiratory studics 
in newborn infants. I. Apparatus and 
methods for studies of pulmonary vent!- 
ation and the mechanics of breathiny. 
Acta Paediat, 49: 137, 1960. 

14. KarLBera, P.: The adaptive changes in tle 
immediate postnatal period, with partic- 
ular references to respiration. J Pedi 
56: 585, 1960. 

15. LAGERLOF, H., WERKO, L., Bucut, H. a: 
HoLMGREN, A.: Separate determinatic 
of the blood volume of the right and le 
heart and the lungs in man, with the a: | 
of the dye injection method. J Clin Lr 
Invest, 1: 114, 1949. 

16. Linp, J.: The human foetal circulation an 
its changes following birth. Die Physic 
logische Entwicklung des Kindes. Ed. 
Linneweh, Springer Verlag, Berlin, 195 


19. 


18. 
m \ 


CIRCULATORY ADAPTATION IMMEDIATELY AFTER BIRTH 849 


7. NYBERG, R. and WEstTIN, B.: The arterial 
blood pressure in the newborn infant. 
Part I. The blood pressure in the umbili- 
cal artery of the mature normal newborn 
infant. Acta Paediat, 47: 357, 1958. 

18. STERN, L. and Linp, J.: Cardiovascular 
disease: Perinatal circulation. Ann Rev 
Med, 11: 113, 1960. 

19. Wauz, L., MErNERS, S., KEMMERER, G. and 

BLUMBERGER, K. J.: Quantitative Be- 

ziehungen zwischen Pressdruck (Valsalva) 

und Druckaénderungen im Herzen, den 

intrathorakalen sowie den abdominalen 

Gefassen. Aerztl Forsch, 12: 465, 1958. 


20. WHIPPLE, G. M., Sisson, T. R. C. and Lunn, 
C. A.: Delayed ligation of the umbilical 
cord. Influence on red cell mass. Obstet 
Gynec (NY), 10: 603, 1957. 

1. Woopsury, R. A., Roprnow, M. and Ha- 
MILTON, W. F.: Blood pressure studies in 
infants. Amer J Physiol, 122: 472, 1938. 

2. Youn, M. and Hotianp, W.: Some physio- 
logical responses of neonatal arterial 
blood pressure and pulse rate. Brit Med 
J, 11: 276, 1958. 


to 


to 


Pediatrie Clinic 
Karolinska Sjukhuset 
Stockhohn 60 
Sweden 


a- 
AS 
We. 
cad 
-ed 
ng 
he 
m- 
cie 
is 
he 
he 
nd 
Z 
A. 
al 
h- 
nh 
\ 
| 


Acta Pediatrica 49: 850—858. Nov. 1960 


From the Pediatric Clinic of Karolinska Institutet at Karolinska Sjukhuset, 
J 
Stockholm, Sweden 


Respiratory Studies in Children 


VIII. Respiratory Adaptation during Exercise Tolerance Test 


with Special Reference to Mechanical Properties of the Lungs in 


Asthmatic and Healthy Children! 


by INGA ENGSTROM, PETTER KARLBERG, SVEN KRAEPELIEN and 
GISELA WENGLER 


The ventilatory capacity of children 


with bronchial asthma may _ undergo 
changes, manifested in lowered maximal 
breathing capacity and forced expiratory 
volume even during periods when the 
children are free of symptoms (3, 5). When 
studying the ventilatory capacity by these 
methods, the ventilation is evaluated dur- 
ing short periods of 15 seconds and | 
second, respectively, of maximal forced 
breathing. Since ventilatory efforts of this 
degree far exceed those required in re- 
sponse to any functional demand, even 
maximal exertion, the question arises 
whether there are disturbances of lung 
function in these children during periods 
of increased ventilation imposed by phy- 
sical exertion and whether, in fact, these 
children have an impaired exercise toler- 
ance. Although several ventilatory studies 
of adult asthmatic patients during exer- 
cise have been reported (7, 11, 12, 17), 


similar studies are not reported in asth- 


1 Aided by a grant from the Swedish National 
Association against Heart and Chest 


Diseases. 


matic children. Tests made on adult pa- 
tients with bronchial asthma may not be 
directly compared with results in children 
since the hyperinflation of the lungs en- 
countered in asthmatic children during 
symptom-free periods (16) may be re- 
versible (14, 15) and, therefore, of func- 
tional origin to a large extent, whereas 
many adults have irreversible organic le- 
sions (emphysema). 

The purpose of this study was to in- 
vestigate the lung function under condi- 
tions of functionally increased ventilation. 
Exercise tolerance tests were performed on 
a group of children with bronchial asthma 
and for comparison on a group of healthy 
children. Since determination of working 
capacity provides only an indirect mea- 
sure of the adaptability of ventilation end 
includes many other functional factors. 
especially circulatory, it was believed t) at 
more definite tests of lung function show ld 
be performed. Thus, during the exerc se 
tolerance test changes in respiratory ra e, 
tidal volume, lung compliance and _p l- 


monary flow resistance were recorded. 
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RESPIRATORY ADAPTATION DURING EXERCISE 


Material 


Exercise tolerance tests were performed 
on thirty-eight children with bronchial 
asthina, 20 boys and 18 girls, 7-15 years of 
age. The children were selected from patients 
attending the Allergy Out-patient Depart- 
ments Allergy Departments at the 
Pediatrie Clinic, Karolinska Sjukhuset and 


and 


the Sachs Children’s Hospital. The severity 
of the illness was classified clinically accord- 
ing to the annual frequency of asthma at- 
tacks in the same way as previously described 
(3,5, 16). Thirty-four of the subjects were 
examined during symptom-free periods (at 
least three days of freedom from symptoms 
without symptomatic treatment 
examination). Four children were in a clini- 
cally labile state and were therefore under 
symptomatic treatment at the time of exa- 


prior to 


mination. Twenty-six of the subjects were 
classified as Group I with less than five at- 
tacks per year, and four were classified as 
Group II with between five and ten attacks 
per year. The remaining eight children (in- 
cluding the four clinically labile) were in 
Group IIL with more than ten attacks per 
year or with prolonged status asthmaticus. 
The mechanics of breathing during exercise 
were studied on ten of these children, three 
in Group I, one in Group II and six in 
Group III, the latter including the four 
clinically labile. Comparative studies were 
made on a group of 38 healthy children, 15 
boys and 23 girls in the same age groups. 
They were schoolchildren without evidence 
of pulmonary or cardiac disease and were 
selected to provide a fairly even age distribu- 
tion. The condition of physical training was 
not a factor in the selection. Eleven of these 
heaithy children were chosen at random for 
determination of the mechanics of breathing 
during exercise. 


Method 


“he exercise tolerance test was performed 
on a bieyele ergometer with increase of 
puse rate as indicator of the intensity of 
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effort ad modum Karolinska Sjukhuset (21, 
22). The subjects were tested without pause 
at two successive loads, 6 minutes at each 
load. The loads were chosen as proposed by 
Bengtsson (2). The initial load was predicted 
to result in a pulse rate of around 140 per 
minute, the second around 170 per minute. 
Pulse was measured every second minute 
during the test. As a measurement of exercise 
tolerance the working capacity in kilopond- 
meter per minute (kpm/min) at a_ pulse 
rate of 170 was used. This value is calculated 
by interpolation or extrapolation from the 
assumed rectilinear relationship between the 
loads during the two periods and the pulse 
rates at the end of each period. 

Respiratory rate was counted at rest be- 
fore the exercise and during the last minute 
of the two load periods, and at the same time 
the expired air was collected in a bag and 
the volume measured in a dry gas meter. 

The mechanical properties of the lungs 
were studied first at rest, then during the 
last minute of each period of load, and finally 
at rest within 6 minutes after exercise. The 
respiratory volume was determined by lett- 
ing the child breath into an airtight box of 
roughly 1500 liters volume. The resulting 
pressure variations in the box were picked 
up by an electromanometer and registered 
on a direct writing recorder (Elema mingo- 
graph). A record of air flow was obtained 
by electronic derivation. The volumes were 
corrected to BTPS. The changes of intraeso- 
phageal pressure were used as an index of 
intrapleural pressure variations. A latex 
balloon affixed to polyethylene tubing was 
passed into the esophagus through the nose 
and connected to a second electromano- 
meter, which picked up the intraesophageal 
third 
channel of the direct writing recorder. It was 


pressure variations recorded on a 
thus possible to record simultaneously tidal 
volume, air flow and intraesophageal pres- 
sure variations. From these data respiratory 
rate, tidal volume, lung compliance (AV/AP) 
and pulmonary flow resistance (AP/AV/t) 
were calculated. The apparatus and method 
are described in detail elsewhere (13). 
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Fig. 1. The working capacity (y) at a pulse rate of 170/min in relation to body weight (.r). The 
calculated regression lines are drawn. Regression equations: healthy boys y = 10.84 2+ 45; healthy 


girls y = 6.89 2+ 


Results 
Working Capacity 
Both the healthy children and the asth- 
matic children examined during symptom- 
free periods were able to complete the 
of the 
asthmatic children, however, had ronchi 


exercise tolerance test. Three 
immediately after the exercise. As in ear- 
lier studies on children (2), the working 
capacity calculated at a pulse rate of 170 
per minute showed good correlation with 
body weight (Fig. 1). Regression calcula- 
tions according to Snedecor (20) were made 
both for the healthy and the symptom- 
free asthmatic children with boys and 
girls separated. The regression lines ob- 
tained are drawn in the diagram and show 
higher working capacity in boys than in 
girls in relation to body weight in both 


109; asthmatic boys y= 12.642 


+ 4; asthmatie girls y= 5.72 2 + 145. 

groups. These differences when tested by 
analysis of covariance were statistically 
significant (P<0.001). The slight dif- 
ferences found between healthy and asth- 
matic children of the same sexes are not 


statistically significant (P > 0.1). Three of 


the four clinically labile children were 
unable to complete the second load test 
period despite an expected pulse reaction 
during the first load (one of them dvve- 
loped ronchi as result of exercise) and could 
consequently not perform an exercise  or- 
responding to a working capacity pre:lic- 
ted from the body weight. The fourth 
child in a state of clinical lability c« id 
complete the test only when very 0 
loads in relation to his body weight » :re 
used. All four of these children must be 
considered to have a low exercise tolera? €. 
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Fig. 2. Respiratory rate in relation to pulse rate at the end of the second work load. 
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rate. 


Ventilation 

The relation between respiratory rate 
aid pulse rate at the second load is 
i‘ustrated in Fig. 2. The scatter is con- 
« derable within each group and no diffe- 
1-nee is noticeable between healthy and 
«sthmatie children. Nor was there any 


Tidal volume at rest, and at the end of the first and second work loads in relation to 


asthmatic child in a clinically labile state. 


30 40 50 


- healthy child, O O symptom-free asthma- 


the 
groups regarding the increase of minute 


noticeable difference between two 
volume per kpm/min. In the healthy and 
asthmatic children whose mechanics of 
breathing were measured, the relation 
between the percentage increase in tidal 


volume and the increase in respiratory rate 
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TABLE lI. 


INGA ENGSTROM ET AL. 


Mechanical properties of the lungs in healthy children during rest, during exer- 


cise and during recovery within 6 minutes after exercise. 


Working Respiratory rate 


Tidal volume, ml 


Pulmonary 
resistan 


em H,0/lit 


Lung compliance, 
ml/em H,O 


Age, cap./170 
Case years kpm/min Rest LoadII Rest Rest LoadII Rest Rest LoadII Rest Rest Load I 
LE 11 9/12 365 19 40 21 248 1008 = 350 74 85 88 4.4 5.3 
CM 12 8/12) 375 18 40 18 450 1445 385 74 81 85 4.8 Welk 
AA 14 2/12 430 13 50 12 484 1553 660 104 89 103 8.5 4.8 
MK 535 16 35 18 594 1920 660 185-156 123 
IH 13 8/12 450 17 31 21 515 1850 670 111 146 122 3.8 3.9 
EK 10 8/12. 450 17 40 15 425 1340 402 85 94 108 6.4 5.6 
AMH 11 6/12 460 18 35 23 464 1730 485 120 =197 184 4.1 3.5 
JS 15 3/12 430 21 38 21 376 1410 435 85 9% 121 Sie 5.3 
HS 12 2/12 405 15 33 18 450 1490 438 126 154 134 6.3 6.7 
SA 11 9/12) 390 18 48 18 370 1240 407 85 70 68 49 8.8 
KJ 11 2/12 485 9 40 15 608 1335 790 79 87 98 10.8 7.5 


low 


for each load was similar with the excep- 
tion of the clinically labile children. In 
these four children tidal volume increased 
disproportionately more than respiratory 
rate (Fig. 3). 


Mechanical Properties of the Lungs 
The observed values are listed in Table 1 
and 2. In eight of the healthy children 
lung compliance was essentially constant 
during exercise with differences ranging 
16 to 
at rest and during the second load. In the 


from 15 % between the values 
remaining three cases the lung compliance 
was increased with values 22, 32 and 64 % 
higher during exercise. The mean per- 
centage change of all the healthy children 
+ 13.5% + 6.5 (t-test 0.1 >P > 0.05), 
i.e. asa group there may be a tendency to 


was 


increase. The pulmonary flow resistance of 
the healthy children, on the other hand, 


showed no systematic variation during 
exercise, the mean percentage change 
being +3.7%+10.7, but a_ significant 


decrease occurred after exercise in relation 


to the initial value at rest, the mean per- 


centage change being — 28.9% +8.3 
(P < 0.01). 

Among the ten asthmatic children the 
lung compliance increased in 7 cases more 
than 27% and was fairly constant in the 


remaining three, the mean _ percentage 


change amounting to + 82.0% +35.5 
(P < 0.05). In three of the cases the in- 


crease was considerable, 130, 181, 350%. 
Two of them belonged to the clinically 
labile group and failed to complete the 
test, whereas one completed the test at 
normal load. Pulmonary flow resistance 
in the asthmatic children showed a general 
decrease during and after exercise in all 
cases but one. In the one exception the 
resistance rose markedly after exercise and 
the child had 
dyspnoea. The mean percentage decrease 


ronchi and expiratory 
during exercise among the nine cases 
behaving uniformly showed a statistically 
significant decrease, — 15.2% + 5.3 (P< 
0.02). At rest after completion of exercise 
the pulmonary flow resistance is even more 
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decreased in relation to the initial value at 
rest, the percentage amounting to — 26.0% 
+ 5.0 (P < 0.01) calculated on eight cases 
(in one child it was not possible to obtain 


a record after exercise). 


Discussion 


Since the test was completed by all 
asthmatic children examined during symp- 
tom-free periods, the working capacity at 
a pulse rate of 170 per minute could be 
calculated ad modum Karolinska Sjuk- 
huset. Even if the pulse rate during maxi- 
mal exertion diminishes with rising age 
(1, 19), it is justifiable to use this method 
of calculating working capacity, when a 
control group of healthy children of the 
same age distribution are simultaneously 
investigated. 

Previously reported studies from this 
laboratory have shown that the ventila- 
tion of children with bronchial asthma is 
often disturbed even during asymptomatic 
periods (16), which would lead one to 
expect an impaired tolerance in these 
children. This same conclusion is suggested 
by their medical histories which often 
reveal a greater inclination to dyspnoea 
and less endurance than in children of the 
same during free 


age 


even clinically 
periods. Another reason for expecting an 
impaired exercise tolerance is that their 
physical conditioning may be _ inferior, 
since in general they do not participate 
actively in gymnastics or sports. Yet the 
tests show no significant difference in work- 
ing capacity between healthy and these 
asymptomatic asthmatic children in rela- 
tion to sex and body size. This means that, 
if ventilatory disturbance is present, it is 
not serious enough to prevent an adequate 
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increase of ventilation during the per ods 


of increased exertion induced la. 


boratory conditions. Since there wa: no 
difference in tidal volume or respira’ ory 
rate in the two groups of children during 
exercise, there is no evidence to suy est 
that the asthmatic children use a diffe:ent 
compensative mechanism for maintaining 
adequate ventilation during this period. 

In the clinically labile subjects decreased 
exercise tolerance was clearly shown as 
well as an impaired ability to increase 
respiratory rate, with increase of minute 
volume produced chiefly through an in- 
crease of tidal volume. 

The reported ventilatory studies during 
exercise that have been performed in adult 
asthmatic patients (7, 11,12) have also 
shown an impaired ventilation among the 
severe cases. The limiting factor, however, 
has been the inability to increase tidal and 
minute volume, probably because of or- 
ganic changes of the lungs, emphysema. 

Reports in the literature about the 
mechanics of breathing are contradic- 
tory and are limited to studies in adults. 
McIlroy et al. (18) found a substantial 
increase in compliance and a decrease in 
non-elastic resistance in healthy persons 
during exercise, while Granath et al. (10) 
found no change. Our results in healthy 
children have not been consistent as re- 
gards change in lung compliance during 
exercise: in three cases a probably signi- 
ficant increase occurred but there wre 
unsignificant changes in the remaind:r. 
No systematic variation in pulmonary f! \w 
resistance was observed during exert <e 


but a significant decrease after complet) 


of exercise. Since an increased rate 


breathing would in itself affect the reco: 
ing of the mechanics of breathing. te-* 
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RESPIRATORY ADAPTATION DURING EXERCISE 


we made on eight children during pe- 
rio.s of different respiratory rates re- 
gulaited by a metronome (20, 30 and 40 
breaths a minute) with only slight increase 
in tidal volume. No systematic change was 
found, the 
change between the values at respiratory 
rates of 20 and 40 breaths per minute 
2.1% 
- 5.0% 


+8.9. Thus, an increased frequency of 


however, mean percentage 


being for lung compliance 
and for pulmonary flow resistance 


breathing alone does not appear to be 
responsible for the changes recorded dur- 
ing exercise, 

A comparison of the mechanics of 
breathing of healthy and asthmatic chil- 
dren during exercise shows that the direc- 
tion of change in the two groups is similar, 
although the changes are somewhat more 
pronounced in the asthmatic children than 
in the healthy children. These changes are 
the reverse of those observed during a 
provoked asthmatic attack; there one ob- 
serves an increased pulmonary flow re- 
sistance and a decreased compliance (4, 6). 
The child with manifest expiratory dys- 
pnoea following exercise was the only one 
who had an increase of pulmonary flow 
resistance. 

The significant decrease in pulmonary 
flow resistance in the asthmatics during 
and after exercise must be looked upon as 
an effect of bronchodilatation. This may 
to the 
incretion found during exercise (8). 


he due increased catecholamine 

(ompliance has been observed to in- 
creise after a series of deep breaths, pos- 
sil y beeause a larger number of alveoli 
are ventilated (9). The same mechanism 
m: ’ conceivably accomplish the increase 
of ung compliance in conjunction with 
th hyperventilation produced by exer- 
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cise, although it is questionable whether 
such a large increase as we have found in 
some of the asthmatic children could be 
solely caused by this mechanism. The 
changed circulatory conditions during 
exercise may also affect the mechanics of 
breathing, especially in asthmatics with 
their functional lability. It is equally 
unknown how long the increased compli- 
ance and reduced pulmonary flow resist- 
ance persists following exercise. These 


questions require further study. 


Summary 


An exercise tolerance test was performed 
on 38 asthmatic children and on 38 healthy 
children. The working capacity in relation 
to body weight of asthmatic children exa- 
mined during symptom-free periods was 
equal to that of healthy children, but was 
inferior in asthmatic children examined in 
a clinically labile state. 

The increases of respiratory rate, tidal 
volume and minute volume during work 
were in healthy children and 
asthmatic children except in the clinically 
labile subjects who had impaired ability to 


similar 


increase respiratory rate. 

The mechanics of breathing were studied 
in 11 healthy children and 10 asthmatic 
children during exercise. In healthy chil- 
dren the lung compliance showed a tend- 
ency to increase and the pulmonary flow 
resistance no systematic variation during 
exercise but a significant decrease after 
The 


group showed a significant increase in 


exercise. asthmatic children as a 
lung compliance during exercise and a 
significant decrease in pulmonary flow 
resistance during and after exercise. The 


possible mechanisms are discussed. 
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Stockholm, Sweden 


Roentgenologic Examination of Rectum in Ulcerative Colitis 


by ULF RUDHE 


In the roentgenologic examination of 
ulcerative colitis, the main interest has 
been focused on the lesions localized to 
the colon. On the other hand, only brief 
mention has generally been made in cur- 
rent literature of the roentgenologic as- 
pects of the inflammatory process in the 
rectum. In the present investigation, the 
rectum and the perirectal tissue have been 
studied from the roentgen-diagnostic point 
of view, in the series of ulcerative colitis 
of which an account is given elsewhere 
in this issue by Ehrenpreis et al. (1). The 
object was to correlate the changes de- 
monstrated at roentgenologic examination 
with those observed at proctoscopy, at 
operation and in excised specimens. In 
addition, an attempt has been made to 
analyze the value of roentgenologic studies 
of the rectum, regarding both the choice 
of operative method, and evaluation of the 
effect on the rectum when, after colec- 
tomy, it has been anastomozed to the 
ileum, or isolated. 


Case Material and Methods 


\ roentgenologic examination with barium 
en ma was made one or several times in 23 
in ividuals, aged 4-18 years at the time of 
th ir first admission. The case material is 
th: same as that in the report of Ehrenpreis 


et al. (1), to which reference is made for the 
clinical data and observations at roentgeno- 
logic examination of the colon and ileum. 

The rectum was depicted routinely in the 
frontal and true lateral projections; in about 
half the cases oblique projections were used 
as well. In five cases, special exposures of 
the rectum were made after evacuation of 
the contrast medium. In six cases, comple- 
mentary studies were made of the rectum 
after inflation. Post-operative roentgeno- 
logic examination was performed in all but 
three cases. 

The average focus-film distance in the 
examinations was 85 cm. The enema was 
injected from a level of 60-75 cm above that 
of the examining table. The exposure time 
ranged from 0.3-0.8 see at 350 mA and 100 
kV. The dose to the gonads was not deter- 
mined but, on the basis of the studies pre- 
sented by Forrester & Soule 1960 (2), it can 
be estimated at 0.7 r on exposure in the 
lateral projection in girls. A considerably 
lower value is recorded in boys. 

The normal variations in shape and size 
of the rectum and retrorectal space at the 
ages in question were analyzed on the basis 
of roentgenologic examination of 40 subjects, 
who had no clinical indications of any inflam- 
matory process of the rectum. The borderline 
between rectum and sigmoid was fixed at 
the level of the 3rd sacral vertebra. As in 
adults, the rectum runs closely along the 
anterior surface of the sacrum and, when the 
rectum is distended, both its ventral and 
lateral portions have a distinctly convex 


margin. Distension of the urinary bladder 
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Fig. 1. 
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Lateral view of rectum and sacrum in a 9-year-old child with no rectal disease. In (a), 
in which the rectum is distended, the retrorectal tissue on the level of the 4th sacral vertebra 
measures 3 mm; in (b), in which there is less distension, 4 mm; and in (c), after evacuation of 


enema, 5 mm. The rectal folds have the normal appearance. 


produces deformation of the rectum, parti- 
cularly of its ventral part. Of the three folds 
normally present in the rectum, only the 
middle one (Kohlrausch’s fold) can, almost 
consistently, be identified at roentgenologic 
examination. 

The space between rectum and sacrum 
which is delimited by the retrorectal and 
presacral fascias—is of minimum width on 
the level of the 4th sacral vertebra. Under 
normal conditions and in the age group in 
question, the thickness of this retrorectal 
space on the level of the aforementioned 
vertebra is 3-7 mm on the roentgenogram. 
After evacuation (10 children with no rectal 
disease), the distance between the rectal 
lumen and the sacrum increases by 2—5 mm, 
depending on the degree of contraction of 
the rectum (Fig. 1). The wall of the rectum 
is 1-2 mm in thickness, and in the contracted 
state 3-4 mm. Because of the difficulty of 
depicting the rectal wall consistently, the 
thickness of the retrorectal space in the la- 
teral view is given in the following as the 


shortest distance (in mm) from the rectal 
lumen to the anterior surface of the 4th 
sacral vertebra. 


Results 


Pre-operative Studies 
One patient (Case 20) in our series of 23 
cases underwent a pre-operative roentgen- 
ologic examination at another hospital. 
Since the rectum was not depicted in the 
lateral view, only an incomplete evalua- 
tion can be made in this case. 


Capacity of rectum 
The capacity of the rectum was—on 
a purely subjective basis—evaluated is 
normal in 10 of 22 cases; in the others ‘t 
was reduced (Table 1). In three cass 
(Nos. 2, 4 and 18) the narrowing of t! e 


rectum was severe, and was in the natu e 
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Retrorectal 
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tissue 
thickness 
Case no. Capacity of rectum in mm 
| Moderately reduced 12 
2 Stricture 17 
3 Moderately reduced 15 
| Stricture 32 
5 Normal Normal 
6 Slightly reduced 10 
7 Normal Normal 
8 Slightly reduced Normal 
9 Normal Normal 
10 Normal 10 
1] Moderately reduced 16 
12 Normal Normal 
13 Normal 8 
14 Normal Normal 
15 Normal Normal 
16 Moderately reduced 20 
i Slightly reduced Normal 
18 Stricture 23 
19 Normal Normal 
20 a = 
21 Moderately reduced 11 
22 Moderately reduced 13 
23 Normal Normal 


of a stricture (Fig. 2). In the remainder, 
it was slight or moderate. 

In 13 cases, repeated roentgenologic 
examinations of the rectum were made 
prior to operation. In three of them, the 
capacity was considered to be normal on 
the first occasion and subsequently became 
reduced. In Case 18, the development 
could be followed until the appearance of 
stricture. 


Mucosal lesions 


ispection of the internal surface of the 


rec‘um at roentgenologic examination 
showed a pathologic relief in 12 cases. It 
wa either finely granulated (Fig. 3) or, in 
a -w cases, inappreciably raised. In the 


rei aining 10 cases the surface was smooth. 


hould be pointed out, however, that 


Fig. 2. Lateral view of rectum and sigmoid in a 

15-year-old girl (Case 2). Stricture of rectum. 

The retrorectal space measures 17 mm. Addi- 
tional strictures are visible in the sigmoid. 


proctitis, although mild, was observed at 
rectoscopy in these cases. The most com- 
mon finding was an edematous, more or less 
hyperemic mucosa. In some the mucosa bled 
easily when touched, but with only one 
exception no ulcerations were demonstra- 
ted. No adenomatous polyps were found. 


Retrorectal tissue 


Thickening of the retrorectal tissue, the 
distance from the rectal lumen to the 4th 


sacral vertebra measuring > 7 mm (range 
8-32 mm), was present in 12 cases (Table 1, 
Figs. 2, 3,6). In the other 10 cases, the 
distance was 3-7 mm, and was regarded 
as ordinary. In six cases, the retrorectal 
increase in 


tissue showed a_ successive 


thickness when repeated examinations 
were made in the course of the illness. In a 
few of them, it had been of ordinary 
thickness at the first examination. No 


increase in thickness of the rectal wall was 


observed. 
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Fig. 3. Lateral view of rectum and sigmoid in a 14-year-old boy (Case 22). 


Capacity of lower 


ampulla of rectum less than normal. Pathologic thickness (13 mm) of retrorectal space. Finely 
granulated mucosal pattern evident in examination both with barium enema (a), and with double 


Kohlrausch’s fold 


The normal oblique fold in the right 
segment of the rectum—Kohlrausch’s fold 
—was less distinct in the cases in which the 
capacity of the rectum was reduced than 
in those in which it had an ordinary vo- 
lume. In most cases where narrowing was 
more than moderate, the fold was oblit- 
erated, and when stricture was present it 


was lacking completely. 


Observations at Operation and in Excised 
Specimens 

On excision of the rectum, the adipose 
tissue behind it was seen to be strikingly 
voluminous and edematous, and to con- 
tain numerous glands. Thus, in Case 22, 
no less than 50 glands half the size of a 
pea were present in the excised perirectal 
tissue. In the cases in which a histologic 


examination was made, the edema was 


found to be acellular, and sinus catarrh 


contrast medium (b). The rectal folds are obliterated. 


of the glands was observed. Submucosal 
fibrosis was marked in Cases 18, 21 and 22. 
In several cases, excision of the rectum 
was made more difficult by fibrosis of the 
perirectal tissue. In the seven cases in 
which roentgenologic examination showed 
the rectum to have a normal capacity and 
the retrorectal space to be of ordinary 
thickness—a particular note being made 
of the observations on inspection of the 
rectum at operation—the serosa ha a 
normal appearance. There were thus no 
grounds for suspecting the existence of 


periproctitis in these cases. 


Post-operative Studies 

Tleorectal anastomosis 
In six out of eight cases, which at he 
time of operation revealed an ordin ry 
capacity and an ordinary distance >e- 
tween rectum and sacrum, the post-opc ‘a- 
tive picture was unchanged. In two (Ca :es 
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Fig. 4. Appearance of rectum and retrorectal space in a 14-year-old boy (Case 7), before and 

after ileorectal anastomosis. (a), before operation; (b) 14 years later. Post-operatively, pathologic 

increase in thickness of retrorectal space (to 20 mm). No alterations in mucosal pattern or dis- 
tensibility of rectum. 


7 and 15), the distensibility of the rectum 
diminished and a thickening of the retro- 
rectal space developed. Of the remaining 
two cases (6 and 13), the changes in and 
around the rectum, present before opera- 
tion, became even more marked (Figs. 4 
and 5). 
Isolated rectum 

Of the eight cases in which the rectum 
was isolated and not resected primarily, 3 
(Cases 1,3 and 11) have not been studied 
post-operatively. No satisfactory roentgen 
ex: mination was performed before opera- 
tio. in Case 20. 


“he results in the remaining four cases 


in hich a comparison can be made of the 
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33 


Ordinary thickness 
e of retro-rectal space 


T T T 
op. 1 2 
Years 
Fig. 5. Pathologic increase in thickness of retro- 
rectal space in four patients after ileorectal 
anastomosis. Bracketed numerals denote case 
numbers. 
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Fig. 6. Appearance of rectum in a girl (Case 4): aged 17 years at operation (a); and 5 years later 

(b). Capacity of rectum greatly reduced, local stenosis in its upper part. Thickness of retro- 

rectal tissue 32 mm pre-operatively; 18 mm after isolation of rectum. Before operation rectal 
mucosa granulated. After operation, it is smooth; increase in distensibility of rectum. 


findings before and after operation are 
highly variable. 

In Case 10, a slight thickening of the 
retrorectal space showed complete regres- 
sion after operation. A favourable effect 
was also seen in Case 4 (Fig. 6); the abnor- 
apacity and 


mal rectum increased its 


the retrorectal thickening diminished. 
Such 


Case 8, in which the rectum had a normal 


changes, however, developed in 
appearance before operation. The abnor- 
mal perirectal distance increased in Case 2. 
Perirectal changes were demonstrated in 
the post-operative study of Case 20, but no 
comparison could be made with the condi- 
tions present before operation. 

The post-operative variations in the 
thickness of the retrorectal space can be 
inferred from Fig. 7. 


Discussion 
It is a general experience that in the 
majority of cases of ulcerative colitis, the 


rectum is also involved, so that the condi- 
tion is actually one of proctocolitis. Many 
authors are of the opinion that the disease 
almost invariably has its onset in the 
rectum, and spreads from this site into the 
colon (Buie 1925, among others). All large 
series nevertheless include cases in which 
the rectum is only inappreciably involved 
or not at all (e.g. Crohn ef al. 1947, Man- 
ning et al. 1955, Watkinson et al. 1950). 

In none of the 23 cases in the present 
series could the rectum be regarded as 
completely healthy. Proctitis was, how- 
ever, mild from the proctoscopic point of 
view in eight of them. In these cases, 
roentgenologic examination showed ‘he 
rectum to have an ordinary capacity «nd 
smooth mucosal surface, and the retro- 
rectal tissue to be of ordinary thickness. 
In the remaining cases the lesions obser: ed 
at proctoscopy were more advanced, «ad 
were in the form of a glistening, edemat« us 
mucosa, infiltrated by ulcerations with or 
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e 
@ Ordinary thickness 
of retro-rectal space 
T T T T T T 
2 3 6 5 6 7 
Years 


Fig. 7. Variations in thickness of retrorectal space after isolation of rectum in 
Cases 2, 4, 8 and 10. 


without a fibrin coating and granulation 
tissue. On the roentgenogram, the rectum 
then had a finely granulated margin. In 
such cases, the capacity of the rectum was 
almost consistently reduced, and the dis- 
tance between rectum and sacrum was 
pathologically increased. 

toentgenologic examination afforded no 
evidence of significant thickening of the 
rectal wall. Consequently, the increased 
distance from the rectal lumen to the 
sacrum must be ascribed to an increase 
in breadth of the retrorectal tissue. This 
conclusion was confirmed in the seven 
cases in which the above-mentioned space 
was thoroughly inspected in connexion 
with proctectomy. The space was filled by 
adipose tissue, in which numerous glands 
were present. Both the glands and adipose 
tissue were more or less edematous. In a 
fev cases, proctectomy was greatly ham- 
peved by marked perirectal fibrosis. Histo- 
lovie examination confirmed that the re- 
tr rectal tissue was the site of an inflam- 
m tory process. Despite pronounced thick- 


ening of the perirectal tissue in several 
cases, it retained some plasticity. This was 
evident from the fact that when the rec- 
tum contracted after evacuation of the 
enema, a further increase took place in the 
thickness of the retrorectal tissue. Its di- 
mensions remained unaltered only in cases 
with marked rectal stenosis, and resulting 
unchanged volume of the rectum after 
evacuation of its contents. 

The influence of the inflammatory pro- 
cess in the rectum on the retrorectal tissue 
was, in fact, distinct in several cases in 
which ileorectal anastomosis or isolation 
of the rectum was performed. Thus, in four 
of 10 cases in the former group, the disten- 
sibility of the rectum diminished, and the 
perirectal thickening increased; this was 
reflected in the greater severity of the 
changes visible at proctoscopy. The cases 
with an isolated rectum were also charac- 
terized by an inverse relation between the 
capacity of the rectum and thickening of 
the perirectal tissue. In two of them, a 
further decrease in distensibility of the 
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rectum was accompanied by increased dis- 
placement of the rectum from the sacrum. 
Analogously, in the cases in both groups 
in which the capacity remained normal, 
no retrorectal thickening developed. When 
this did appear after isolation of the rec- 
tum, it was presumably of the same origin 
as in all the other cases, and reflected a 
periproctitis. As far as shrinkage of the 
rectum is concerned, it is, however, un- 
certain to what degree the cessation of 
transport of intestinal contents may have 
been a contributory factor. 

Dick, Berridge & Grayson 1959 (6) stated 
—in a study of the morphologic basis 
of the roentgenologically demonstrable 
changes in the colon in ulcerative colitis— 
that submucous fibrosis leads to a decrease 
in intestinal calibre. They nevertheless 
pointed out that, in this disease, a nar- 
rowing of the bowel may occur on other 
grounds. In the rectum as well, the cause 
is presumably multifactorial. Although, in 
every case in our series in which the sub- 
mucosal fibrosis was particularly studied, 
the calibre of the rectum was found to be 
decreased, thickening of the perirectal 
tissue was a contributory factor. At any 
rate, in the segment below the peritoneal 
reflection, the edematous tissue competes 
for the space in the true pelvis. It can also 
be mentioned that the complete oblitera- 
tion of Kohlrausch’s fold—which almost 
invariably accompanies marked narrowing 
of the rectum—is an additional indication 
of a deep-lying process in this organ. 

Pathologie thickening of the retrorectal 
space occurs in other conditions as well, 
and is not specific to ulcerative colitis. 
Thus, Steinert 1940 (7) described similar 
roentgenologic features in lymphopathia 
venerea. Proctitis of other origin—such as 
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the tuberculous or syphilitic form— ray 
be accompanied by thickening and cic. tri- 
zation of the perirectal tissue (Buie 1/0), 
Virulent spermacystitis in adults may 1lso 
involve this tissue, with displacement and 
narrowing of the rectum as a result (10), 
Abscesses and tumours, as well as sequelae 
of operations on the true pelvis, are addi- 
tional causes of widening of the retrorectal 
space. A large presacral space in patients 
with Cushing’s disease has beer observed 
by Sowerbutts (11). 

Levene & Bragg (12) pointed out that, 
in conditions associated with tension on 
the mesentery, the rectum cannot be 
distended normally, and its distance from 
the sacrum is increased. The shortening of 
the colon common in our series was never 
so severe that, per se, it affected the dis- 
tensibility of the rectum. Consequently, 
on evacuation of the colonic contents, the 
sigmoid loop was displaced towards the 
true pelvis in the normal way. 

The clinical findings in our series, and 
the observations made at roentgenologic 
examination, indicate the following. If the 
mucosal lesions of the rectum and lower 
part of the sigmoid are mild, the capacity 
of the rectum and the thickness of the 
retrorectal tissue are usually normal. In 
such cases, in which the roentgenologic 
features of the rectum are normal, the 
rectum is likely to be favourably influcn- 
ced by ileorectal anastomosis after colec- 
tomy. This applies, at any rate, to the 
short-term prognosis. The late prognosis 
can, on the other hand, presumably be 
evaluated only after further examinatio 's. 
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From the roentgenologic point of vicw, 
the effect of isolation of the rectum af: 
colectomy was more difficult to asses. 
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tions were made both pre- and_post- 
operatively in only half of the cases. Pro- 
gressive Shrinkage of the rectum, as well 
as further increase in thickness of the 
retrorectal tissue, could not be prevented 
in two patients, and regression took place 
in another two. 


Summary 


A study has been made of the roentgeno- 
logic changes in the rectum in 23 patients 
with ulcerative colitis, aged 4-18 years on 
their first admission. It is found that the 
mucosal lesions—which are best assessed 
at rectoscopy—are not visible as patho- 
logic features on the roentgenogram until 
they reach an advanced stage. The margin 
of the rectum is then finely granulated 
towards the lumen, and the mucosal relief 
is sometimes raised and irregular. In such 
cases, the capacity of the rectum is gener- 
ally reduced. A contributary factor is peri- 
proctitis, of which the presence and degree 
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are best established at roentgenologic ex- 


amination by depicting the rectum in the 
true lateral view. The distance between 
rectum and sacrum is then seen to be 
increased, as an expression of a pathologic 
process in the retrorectal tissue. 

Absence of severe mucosal lesions and 
of periproctitis, as well as normal capacity 
of the rectum, are regarded as prognostic- 
ally favourable with respect to influence 
on the rectum of ileorectal anastomosis 
after colectomy. 

When pathologic changes of the afore- 
mentioned nature are present, the results 
are found to be less successful. This also 
applies to the cases in which the rectum 
has been isolated after colectomy. 
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Foetal and Adult Haemoglobin in Newborn Infants with 


Erythroblastosis Foetalis 


by SAM BRODY and LARS ENGSTROM 


The presence in the blood of the foetus 
and newborn infant of a special type of 
haemoglobin, foetal haemoglobin, has long 
been known (23). This author found con- 
siderable differences in the rate of alkali 
denaturation between foetal haemoglobin 
and the haemoglobin characteristic of 
adults. Gradually our knowledge of the 
physical, chemical and immunological pro- 
perties of these two types of haemoglobin 
has increased. A distinction is now pos- 
sible as regards crystallography (17, 22, 
26), X-ray diffraction (36), solubility (22), 
amino-acid composition (15, 28, 31, 34), 
antigenic properties (1, 12, 13, 16, 20) and 
column chromatography (18, 19, 29, 30). 

Experimental evidence indicates that 
adult haemoglobin is already synthesized 
in the foetus during the first half of preg- 
nancy (2,35). During the latter part of 
pregnancy the proportion of this type of 
haemoglobin in circulating blood is gradu- 
ally increased. Considerable interest has 
been devoted to the rate and extent of the 
change in the proportions of foetal and 
adult haemoglobin during intra-uterine de- 
velopment, and for references and discus- 
sions of the physiological and clinical 
implications of these and related problems 


the reader is referred to earlier publica- 
tions (5, 6, 7, 8, 10, 11). 

Several investigators have been inter- 
ested in the behaviour of the various 
haemoglobin types erythroblastosis 
foetalis. The results vary considerably 
and from available data it is difficult to 
form a clear picture of the haemolytic 
effects on foetal and adult haemoglobin 
respectively. (21) 
amounts of adult haemoglobin in _ the 
blood of infants suffering from haemolytic 


Jonxis found large 


disease of the newborn. Schulman & Smith 
(32) demonstrated a decrease in the con- 
centration and proportion of foetal haemo- 
globin in such infants. Ponder & Levine 
(27), on the other hand, found no differ- 
ences between a group of infants with 
haemolytic disease and a control group of 
normal infants as regards the proportion 
of foetal haemoglobin. 

These 


various hypotheses based on them pvint 


controversial results and_ the 
to the necessity of further research in ‘his 
field. It would seem that reliable conclu- 
sions as to possible deviations from he 
normal in the concentrations or proj 0I- 
tions of foetal and adult haemoglobir in 
erythroblastosis foetalis are possible © ily 
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by a thorough analysis of a large case 
material. The investigations presented to 
date seem to be based on an insufficient 
iven in a group of 
normal infants considerable fluctuations in 


number of patients. 


foetal and adult haemoglobin are en- 
countered. Furthermore, the wide differ- 
ences in the clinical picture of erythro- 
hlastosis foetalis introduce a considerable 
source of variation. 

The wide range of the clinical manifesta- 


tions of the disease, reaching from a symp- 
tomless to a fatal course, made it desirable 
also to analyze a material with reference 
to the severity of the disease. A classifi- 
cation of erythroblastosis foetalis as mild, 
intermediate and severe, has been pro- 
posed earlier (9) and is employed in the 
present investigation. 


Materials and Methods 


In this study 96 newborn infants of 
mothers with serological evidence of Rh- 
sensitization were examined. The analyses 
were performed on cord blood. The blood 
was collected within a few minutes of birth 
and before separation of the _ placenta. 
Extreme care was taken to avoid contamina- 
tion with maternal blood. 

Thirty-four infants were delivered spon- 
taneously. In 60 cases labour was induced 
by the administration of oxytocin intra- 
venously. Two patients were delivered by 
cacsarean section (pelvic disproportion). Im- 
minent intra-uterine asphyxia necessitated 
dciivery by forceps in two instances. 

The birth-weight of these infants ranged 
from 2280 to 5350 g. Two infants weighed 
less than 2500 g and five subjects had a 
birth-weight of more than 4000 g. No vita- 
min K was given to the infants included 
in this study. 

\ll infants had positive results on Coombs’ 
te t. The total haemoglobin was determined 


in the manner described in detail elsewhere 
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(Brody (9). The proportions of foetal and 
adult haemoglobin were calculated by mea- 
suring the rate of alkali denaturation. These 
determinations were carried out according 
to the procedure of Betke (3, 4) as modified 
by Brody (5). 

Determination of bilirubin was carried 
out according to the procedure of Malloy & 
Evelyn (24) as modified by Ducci & Watson 
(14). 

Nucleated red blood cells were counted on 
blood smears stained with May-Griinwald 
and Giemsa solutions. Their number is given 
per 100 white blood cells. 

The clinical severity of the disease varied 
greatly. Six infants died immediately after 
birth from erythroblastosis foetalis. Sixty- 
six subjects were treated with exchange 
transfusions, varying in number from one to 
five. The remaining 24 infants required no 
therapy. 

For the elucidation of the relationship 
between laboratory findings and clinical se- 
verity of the disease, the infants were classi- 
fied in three groups: mild, intermediate and 
severe. The criteria for this classification 
have been given earlier and are based on the 
concentration of free, non-conjugated bili- 
rubin and the number of exchange transfu- 
sions required (Brody (9)). The following 
principles were used: 

Group 1 (Mild): < 15 mg per cent bilirubin, 
or <10 mg per cent after one exchange 
transfusion. 

Group 2 (Intermediate): > 15 mg per cent 
bilirubin, or > 10 but < 15 mg per cent 
after one exchange transfusion. 

- 15 mg per cent after one 
exchange transfusion, or > 10 mg per 
cent after two or more transfusions. The 
infants who died immediately after birth 
were included in this group. 

Statistical analysis was performed ac- 


Group 3 (Severe): 


cording to conventional methods (Snedecor 


(33)). 


Results 


The variation in the 96 observations on 
the cord-haemoglobin levels is graphically 
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Observations 


35 


Distribution of cord haemoglobin (total haemoglobin) levels in 96 infants with erythro- 


blastosis foetalis. Infants classified according to the clinical severity of the disease (for criteria 
of classification, see section on Materials and Methods). White area: mild form of the disease. 


Dotted area: intermediate 


Fig. 2. 


form. Black area: severe form. 


Distribution of the proportion of foetal haemoglobin (in per cent of total haemoglobin) 


in the cord blood of 96 infants with erythroblastosis foetalis. For explanations, see Fig. 1. 


represented in Fig. 1. The material has 
been classified according to the clinical 
severity of the disease with the criteria 
given above and the number of observa- 
tions in each group indicated. As might be 
expected, low values are predominant in 
infants suffering from the severe form of 
the disease. 

Fig. 2 shows the distribution of the pro- 
portion of foetal haemoglobin in the cord 
blood. It is expressed as the percentage of 
total haemoglobin. Differences in distribu- 
tion as between the various clinical groups 
is scarcely discernible. 

In Figs. 3 & 4 the variation in the con- 
centrations of foetal and adult haemo- 
globin is shown. In both instances a clear 


predominance of low values is found in the 


group of infants suffering from the severe 
type of the disease. 

Table 1 lists the mean values for the 
concentrations of total, foetal and adult 
haemoglobin and for the proportion of 
foetal haemoglobin. These values have 
been calculated for the entire group of 
infants with erythroblastosis foetalis as 
well as for those weighing from 2500 to 
3990 g. This has been done to make pos- 
sible a comparison with the corresponding 
values for a group of normal infants of the 
same weight-class. The latter figures are 
taken from an earlier publication (Bro ly 
(7)) and are based on 156 infants. in 


Table 1 are also summarized the results 
calculations on the statistical significan:e 


of differences between mean values for t 
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Fig. 3. Fig. 4. 
Fig. 3. Distribution of foetal haemoglobin levels in the cord blood of 96 infants with erythro- 


blastosis foetalis. For explanations, see Fig. 1. 


Fig. 4. Distribution of adult haemoglobin levels in the cord blood of 96 infants with erythro- 
blastosis foetalis. For explanations, see Fig. 1. 


various measurements in the group of and the concentrations of total as well as 


normal and diseased infants. All differ- of foetal and adult haemoglobin. A severe 
ences are statistically highly significant. course of the affection is accompanied by 
In Table 2 the infants with erythro- a decrease in all these respects. On the 
hlastosis foetalis have been classified in other hand, the proportion of foetal hae- 
groups according to the clinical severity moglobin is approximately constant in all 
of the disease. As may be seen, there is a the groups. 


clear connection between this parameter The relationship between the concentra- 


TABLE 1. Concentrations of total, foetal, and adult haemoglobin in normal infants and in 
infants with erythroblastosis foetalis. 


Statistical signi- 
ficance for differen- 
2500-3990 ces between means 


Mean +8.E. (P) 


Normal infants 


2500-3990 
Mean +S.E. 


Entire group 


Measurement Mean +S.E. 


Number of cases 

Total haemoglobin (g/100 ml) 

Foetal haemoglobin (g/100 ml) 

Adult haemoglobin (g/100 ml) 

F. otal haemoglobin (per cent of 
otal haemoglobin) 


156 
15.81 +0.17 
12.33 + 0.15 

3.58 + 0.09 


17.89 £0.52 


96 
12.12 +0.38 
9.11+0.33 
3.01 +0.12 


74.14+1.00 


89 
12.07 + 0.38 
9.05 + 0.34 
3.02 + 0.13 


73.90+1.13 


< 0.001 
< 0.001 
< 0.001 


0.001 <P < 0.01 


Values from Brody (7). 


Comparison between infants weighing 2500-3990 g. 


S.E. = 


standard error of the mean. 
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1 2 3 ‘ 5 6 7 8 
Fig. 5. 
tions of foetal and total haemoglobin is 
graphically demonstrated in Fig. 5. The 


regression of total haemoglobin on foetal 
haemoglobin has been calculated and the 


S.E. = 


The relationship between the concentrations of foetal and total haemoglobin in the cord 
blood of 96 infants with erythroblastosis foetalis. Equation of regression line: Y =2.34+ 1.0742. 


TABLE 2. Concentrations of total, foetal, and adult haemoglobin in infants with erythro- 
blastosis foetalis classified according to the clinical severity of the disease. 


For criteria of classification, see section on Material and Methods. 
standard error of the mean. 


9 10 n 12 13 % 5s 16 7 


9% Foetal Ho 


pertinent statistical data are summarized 
in Table 3. The correlation is statistically 
highly significant. Fig. 6 shows the rela- 
tionship between the levels of adult and 


Measurement 


Clinical group 1 
(Mean +S.E.) 


Clinical group 2 
(Mean +S8.E.) 


Clinical group 3 
(Mean +8.E.) 


Number of cases 45 
Total haemoglobin (g/100 ml) 
Foetal haemoglobin (g/100 ml) 
Adult haemoglobin (g/100 ml) 
Foetal haemoglobin (per cent of 
total haemoglobin) 


10.77 


75.45 


14.22 +0.31 
t 0.31 
3.46+ 0.16 


11 40 
12.19+1.09 9.74+0.59 
7.33 + 0.54 
3.40 + 0.36 2.41+0.18 
70.27 + 3.04 73.73 + 1.84 


anda 


nifi 


872 
20} 
19 4 
04 
16 4 
134 
124 ° 
z 104 
94 
7 
| 
4 
y 
2 
1 
St 
an 
of 
wh of 
nan 
rela 


FOETAL AND ADULT HAEMOGLOBIN IN NEWBORN INFANTS 


1 2 3 4 5 6 7 i] 
Adult Hb 


Fig. 6. The relationship between the concentrations of adult and total haemoglobin in the cord 


cord 
749. blood of 96 infants with erythroblastosis foetalis. Equation of regression line: Y =7.50 + 1.5352. 
ved TABLE 3. Survey of statistical data. 
IZe 
1 The regression of y upon x has been calculated. 
ally 
ela- y a y x 


1p 3 
E.) uber of variables 96 96 96 96 86 86 86 
m 1,163.79 874.5 289.19 6,206 1,066.78 6,344.3 
in 12 9.1094 3.0124 74.1 72.16 12.404 73.7 
in of squares 15,403.2259 8,974.4908 1009.0213 536,889.83 2,037,108 14,350.3800 480,043.0 
of products of x and y 11,683.9977 3717.4100  87,173.985 49,203.78 439,541.3 
rian’ 1.406 10.32 12.75 10,695 18,588.7 
3 rela ion coefficient (7) 0.948 0.501 0.272 — 0.660 —0.1 
gress on coefficient (b) 1.074 1.535 0.09674 — 24.855 =a 
| error of regression 
— eff -ient 0.0373 0.274 0.0371 3.0935 1.2 


mifi nee of regression 
oeti.-ient (P) < 0.001 <0.001 0.01<P<0.02 <0.001 0.2<P< 
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*, Foetal Hb 
Fig. 7. The relationship between the percentage 
of foetal haemoglobin and the total haemoglobin 
eoncentration in the cord blood of 96 infants 


with erythroblastosis foetalis. Equation of re- 
ythroblast 
gression line: Y = 4.95 + 0.09672. 


total haemoglobin. Also in this case a 
highly significant correlation exists (Table 
3). Fig. 7 presents the relationship be- 
tween the percentage of foetal haemo- 
globin and total haemoglobin. The sta- 
tistical analysis reveals a significant cor- 
relation between these two factors (Table3). 

The number of nucleated red blood cells 
per 100 white blood cells has been deter- 
mined in 86 infants. The relationship be- 
tween the concentration of total haemo- 
globin and the number of nucleated red 
blood cells is shown in Fig. 8. The regres- 


sion of the latter factor on total heamo- 
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globin has been calculated and the cory ‘la. 
tion is statistically highly signifi: ant 
(Table 3). The relationship between the 
percentage of foetal haemoglobin and the 
number of nucleated red blood cell. is 
graphically represented in Fig. 9. Date on 
statistical analysis are summarized in 
Table 3. No statistically significant covre- 
lation exists between these two factors. 


Discussion 


The first studies on the proportions of 
foetal and adult haemoglobin in the blood 
of newborn infants suffering from erythro- 
blastosis foetalis were made by Jonxis 
(1948). He found that the diseased infants 
had a much lower proportion of foetal 
haemoglobin, and from his observations 
he concluded that in haemolytic disease of 
the newborn there is a selective destruc- 
tion of erythrocytes containing foetal 
haemoglobin. 

This conclusion was at variance with 
results presented by Mollison (25). By 
transfusion of Rh-positive adult blood into 
infants with haemolytic disease this author 
had demonstrated that there was indiscri- 
minate destruction of the infant’s and the 
donor’s cells. The problem was further 
investigated by Schulman & Smith (32). 
In agreement with Jonxis (21), they also 
found a decrease in the mean value of the 
percentage of foetal haemoglobin in infants 
suffering from haemolytic disease as com- 
pared with the mean value found in norm: | 
infants. Some other observations, howeve", 
were at varaiance with the conclusion 
drawn by Jonxis (21). Thus Schulman 
Smith (32) found that not only the de- 
crease in the concentration of foetal, bu 
also that of adult haemoglobin, showe: 
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Foetal Hb 
Fig. 9. 


total haemoglobin concentration and the number of 


nucleated red blood cells in the cord blood of 86 infants with erythroblastosis foetalis. Equation 


of regression line: 


Y 


380.42 — 24.862. 


Fig. 9. The relationship between the percentage of foetal haemoglobin and the number of nuc- 
leated red blood cells in the cord blood of 86 infants with erythroblastosis foetalis. Equation 


of regression line: 


good correlation with the decrease of the 
total haemoglobin concentration. Further- 
more, these authors found no correlation 
between the percentage of foetal haemo- 
globin and the total haemoglobin concen- 
tration. 

‘Schulman & Smith (32) argued that the 
aj parent contradiction between the de- 
cr-ase in the percentage of foetal haemo- 
gl bin in infants with erythroblastosis 


fo talis and the lack of evidence in favour 


- 184.73 — 1.522. 


of a selective destruction of foetal haemo- 
globin might be explained by considering 
the factor of blood regeneration in response 
to the haemolytic destruction of the red 
blood cells. They found that the mean 
the 
haemoglobin was higher in diseased infants 


value for concentration of adult 
as compared with that found in a group of 
normal subjects. Classification of the di- 
seased infants in an anaemic and a non- 


anaemic group revealed that the mean 
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value for the adult haemoglobin in the 
former group was not significantly differ- 
ent from that of the normal control group, 
whereas in the non-anaemic group the 
amount of adult haemoglobin was signi- 
ficantly higher than normal. In both anae- 
mic and non-anaemic groups, however, the 
mean values for the concentration of foetal 
haemoglobin were significantly different 
from the corresponding figure in the 
control group. On the basis of these find- 
ings Schulman & Smith (32) concluded 
that their results indicated preferential 
regeneration of adult haemoglobin in 
response to haemolysis. 

In our material of infants with erythro- 
blastosis foetalis we have found a highly 
significant decrease in the proportion of 
foetal haemoglobin as compared with a 
group of normal infants. This finding is in 
accordance with that of Jonxis (21) and 
Schulman & Smith (32). We have also de- 
monstrated a close correlation between 
the concentrations of foetal as well as 
adult haemoglobin and the level of total 
haemoglobin, confirming in this respect 
the results of Schulman & Smith (32). In 
contradiction to the findings of these 
authors, however, our group of diseased 
infants exhibited a highly significant de- 
crease as regards the concentration of 
adult haemoglobin (Table 1). 

In order to test further the conclusions 
of Schulman & Smith, we have divided 
our material into an anaemic and a non- 
anaemic group, following the same prin- 
ciple as that used by these authors. The 
line of division (mean normal-haemoglobin 
minus 2 §.D.) is in our material 11.65 g per 
100 ml (Brody (7)). The adult haemoglobin 
concentration is in our non-anaemic group 
3.43 + 0.14 (+ standard error of the mean) 
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g per 100 ml, thus not statistically di’ fer. 
ent from that found in a group of normal 
newborn infants (Table 1). The correspond- 
ing figure in our anaemic group is 2.4) + 
0.19 g per 100 ml. The difference from the 
mean value of the normal control group is 
statistically highly significant. 

Our findings, therefore, do not support 
the hypothesis of Schulman & Smith of a 
preferential regeneration of adult haemo. 
globin in infants with erythroblastosis 
foetalis. Rather do our data seem to indi- 
cate preferential destruction of foctal 
haemoglobin. There is thus a significant 
correlation between the total haemoglobin 


concentration and the percentage of foctal . 


haemoglobin in our material, favouring 
the hypothesis of Jonxis (21). 

We are, however, inclined to modify the 
view of Jonxis. According to this author, 
only cells containing foetal haemoglobin 
are haemolyzed. As has recently been 
found (Wilton & Brody, to be published), 
there is in the newborn infant a significant 
correlation between the diameter of a red 
blood cell and its relative content of foetal 
haemoglobin. The larger the cell, the 
higher its relative content of this type of 
haemoglobin. It would now seem that the 
dimensional distribution of erythrocytes 
in a particular infant will greatly influence 
the extent of destruction of foetal and 
adult haemoglobin respectively. As cclls 
with relatively large proportions of foetal 
haemoglobin dominate the picture in !ss 
mature infants, it seems conceivable that 
the degree of maturity is one factor which 
might influence the response to the h:e- 
molytic process in foetal erythroblast: sis 
as regards the decrease in the proport on 
of foetal haemoglobin. 

It should be mentioned that in spite of 
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the fact that the concentration of total 
haemoglobin shows a significant correla- 
tion with the percentage of foetal haemo- 
globin, no such correlation is found for 
the relationship between this latter factor 
and the number of nucleated red blood 
cells per 100 white blood cells (Fig. 9 
and Table 3). The degree of anaemia and 
the number of nucleated red blood cells 
are only different pathological manifesta- 
tions of the severity of the disease. How- 
ever, the percentage of foetal haemoglobin 
correlates with only one of these factors. 
Also of interest in this connection is the 
fact that there is no relation between the 
clinical severity of the disease as mani- 
fested by the degree of jaundice and the 
requirements for exchange transfusions, 
and the percentage of foetal haemoglobin 
(Table 2). 


Summary 


A study of the total, foetal, and adult 
haemoglobin levels in the cord blood of 96 
infants of Rh-sensitized mothers has been 
carried out. The distribution of these 
three factors as well as that of the per- 
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centage of foetal haemoglobin is graphic- 
ally represented. The mean values for the 
concentrations of total, foetal, and adult 
haemoglobin and that of the percentage of 
foetal haemoglobin were significantly lower 
in this group of infants as compared with 
normal infants. There was a connection 
between the clinical severity of the disease 
and the decrease in the concentrations of 
total, foetal, and adult haemoglobin. No 
such relationship was established with the 
percentage of foetal haemoglobin. The 
total haemoglobin was significantly cor- 
related with foetal and adult haemoglobin, 
as well as with the percentage of foetal 
haemoglobin. The number of nucleated 
red blood cells was significantly correlated 
with the total haemoglobin. No such cor- 
relation existed between these cells and 
the percentage of foetal haemoglobin. The 
results presented here indicate that eryth- 
roblastosis foetalis is associated with the 
preferential destruction of foetal haemo- 
globin. The extent of such preferential 
destruction, however, appears to be de- 
pendent on the proportion of red blood 
cells containing high relative amounts of 
foetal haemoglobin. 
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